NEUROPHYSfOLOGY 



Or^.ini/plion of Ihp Brjjn: Crrt'lini, 



Precenlial sutcu^ _ 



PD|i|r«^tral Ryru* 
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Superior partel^l lobule 
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F[GUR[ 2.1 ORGAPJl^ATrON OF THE BRAIN: CeHEHRLM . 

The cerebral corlen lepresenls Ihe hij^hesi cenr>er to* spnwtry flnd 
molDrproceHtfiA In ■'"nHT>l ihn' rrrinul Uy\n- pum-.-!*^ rucmji. vi^u^l, 
i|W*<7h, jnd p*f^iijbl> ]iL(jtLlilii-y TIbc [hini'l.i! lube pMCt-ius imv 
uifVirfarriuiK>riMheli?ftipDrdlbbe. dufeicKyardriteniary moddhiie^- 
and ihe ocopiljl lobe, viwfi Th? ceipbdlum coorffiiures ^khiH 
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irvTiH ddivlti?^ and piDCQKs rr>i&d? pQ^iiioTL The brdJnMeni 
rmrduJtid, pnn^. mtdhul.nh L^invrv^ nmrriF <inci wn^ury i|-i|Dii>kitiijn ami 
nx^Jk'fkiJinihirUni .urEiinDiiUc luntlkini Hw^plnd! Lurd rrccivos vn- 
sory inpuf from Thetmfy ^nd conveys scrndiK ani ^uionamic motor 
irrtomifltKin lo penpheral 1^r^;eb (muscles, vi«:eriiJ, 



I 



Or^ni7ali<jn oi Iht Brain: t(HI Types 



NEUROPHYSIOLOGY 



Muliipnlai (pyramidjl) 
cellori'^ebral 
mclor cortex 



AsliDcvle 




'-■ndplate 
NhullipaJar q^imatic 
rrnMincell o'njdel 
til era nidi nn. - 

MuJiipuEj;^ cell 
of tower brah 
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A«Q?ciFnjdc ending 

Mulrlpol^ sunrarir 
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Collateral 

Rpn^haw fnlcFnt-ur^fn 
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Motor prtdplaie with 
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SaleJIrle cslk 
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Ffwnefveend^rTgi 
[bnrnyEllnaied ^iber^) 

Sped ilized ending 

Musi l!' S]]iriiJle 

Li nipolar ^«nsory cell 
□t dni:s^l>l>irMl 

r"iKif gjHRlion 
batollite c^lk 



MyellnaTpd affeieni 
h<T • A ^pi nal nerve 



Myelin sh?aEh 



Re6: Molor ULumn 
Blui-: Scn'rfirv neuran 
Purple- Inl^rneurnn 
Gray: GIijE and 

neurilemrnal ceJb 
■dnd mygljn 

r^Jule: Certbclljr ctW-t 
not ihavm hen 



5di"pViinn cp^5 

LJnTi>yelinaW[J fihen 
Free nerve ending 

Enc3ptiiljleds>ndirm 
Mjicfe -spindle 






FtfJLJRE J.2 Ohganizatjon or THE BRAl^: Cell Types 

Neurnnpk l^rm Ihe funclional telluljr units fe^pun^ililc fnr 
crjmmunicjtion, jheI rhrmj^hDul ihi- niTviiu!! -sysleni, ihey jje* 
rhariir'rf'rized by Th&ir <1l!;tiricliv-es(ze iind shapes le.E, brpalarn 
unipabr. mjliipolarj. Supporiing tell^ mcliide ttie n^'Uro[(l^a (e.g.. 



aiirocvle^. olJBodenctFfjtvfc^il, '.aielhfc cetl^. ^nd other sp«ijN?ed 

cgIIs ihjl <]|]|JFnfie neufonal lunclion, provide mjinli^fiancp func- 
lluii5, urproreci die nervaii5 sysieni- 
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NEUROPHYSIOLOGY 



Bluud-Brain B.irrier 




FfcuRE 2.:i Biood-Bhain Barrjer 



ThebroDd-brdrnbdrrlerfaiSBf i«lhcci-Elu]arlntprldcebel^vei4i Lhe 

blood and rhL'tenlrat nervcirts-vilein iCMS' bfiin and spin-il ti>rrij. Il 
seiwti Hi mninijiFi tha Inlc:ilj1j,il Huidf^nvlrdunieiir ly tn^iirc opilmdl 
luminJiwJir^'tiiifaenturorii. l|ii-,bjnicritPrisiHthL>| ihe capillary 
ynd[]th*liafcf!(l5vM|}i an pl-ihnra[enc?[wQrJL(rtiiRhiji]nciiQ<>^jncl 
nMmcvilchiDiFmGtKsesthimhuMlir'i'ndiill-iefiiirn ind mhaspmeni 
rrenifwjnr-ThpninuerTienCDf EaipE molecule* and 
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olhtf *Lib',l,iniL('*,(jncludln]jmiiy dnjj-^jharnlhEblEMjdluEJu-inler- 
iblialipJreollhc CNSiirr'.lrnl-^lbydie BBS. CNS rmJothrtMl 
I t»JlhHkn exhibits iowtu'J'A olpmoc^filn. JtUviiy JCTOEi tfisffiLl, iCi 
Specific cjrrici ^y^itni'. lurihe inin^ort qi [fAprrliil subsiucos ul 
enerpv andditiEnn nicrd merabulkm Are cberaaeFistic ol Jh^-yr <p|h. 
Ihiraiiidcyw-. helpirjnsior impnrlanl rneiabolllesfrom \tn: blood l-o 
ihc ncur.ijn^anrialvoreriiov*tai:«sK"iuidneuju|ranBm<irer*ironT 
Illy Iniejsmidl lluid 



Syn^plif. Transmiiiiiioi*; Mort>hul£»gy ui Synapses 
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DencJriEE' 



Ncde 



A*n?ii 




V ^j, v^<T* ^ 



.* -^ 




Dendrlii 



Myelin ^ it jlfi 



i^ujfieruu-s (wulons (5yn;ipllc knubj^l 



^i in pfe*ivnflp[ic neurcns l-errruralrnB 
cina jnoloi m-unrM rinEllliilenilFiri^ 



ol EiDuinn 



Ainn (aKnpJa^m) 
Mil'jchcnudnii 

Synaplir clef[ 




Presynaptic nietiilfra lit 
•jdenu-Pv blaming) 



Pcj!>liivnflplK: rritinbrdiip 

(deiwdvHldllirn!] 



rc^bynapTic r^l 




Figure 2_4 Mokpholocv of Synapses 



\ci]Rjiih '.f>mniunjcii Ih wMh each nGder ijid uvwh t-iifCUir mr^t^ m 
i|jmj|i;ctr regions caM svnapws The lop npure %hom a flv[Jli Jl 
rTiQror ritiirjin ilfcal 'eceluei nunreraus^yii^piii luhUi-Is nn JTicpd 

fHidv^^iJ j^^i'i^icii di-MiMi[-s, liiE liming Jxitns lose ihelrnivi^Lin 
U»i',iiJii,, c^hihii E^.ipnjpve branthlni^ and Lurniiiiitiid?i'r.yiwji(ii.bcKh 
fon5(rynjpiiciermiiijKiir;>n'j|)Nj(ir ihp n"i(u* neuron. The lower 



liRuic allows ^Ji [iilHrKE'rnE'nl i>l f>np ^iiich synaptic bouton. Chpmlcal 
ni'iirnlFjnuniili'i^^ireccjnUinediii^Vnap^iCvHqHp!;, which can fu5e 
wiih the pro^yn^iir mi-mbrane. release she ironinilriers intu iho 
'.ynflpdcdell, and then bind fo receplckr', ^Flujrtd m ibc p-istj^ynaptic 

membrane. This syridpucirdmnt^^iunrcsutULnp^dmiory^ ifthilniary, 
■IF rnhiduliilary effecis on The lirftel u4l 
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NEUROPHYSIOLOGY 



SynaplK Tr^n^mminn: Kpuromu^tubr |unctior» 



Active 3DtH; 
SdiWanr^ cell proceu 



AjieTy I choline 
receptor sUh 



¥\ 




SJiLUl^mrn^i 

muficte cell 



Myulibnl^ 

Syn^pUc i:\efi 

PosKynaplkr 
membranp 

JuncDunal icld 

SdmopJdsm 
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Figure 2,5 STRUCRJRi OF the NtUKOMUSCULAR lUNOlON 

Mot□J■Q^a^5 liur ^.vn^iJvcjTi'ikcletil muidt Jorm enpanded itimi- 
njli Lalfi:nlnpiimrTH]^ciilar|uri:lnjiis(iin>(orendpJs[e4J. ThemnlDF 
axunlo^e^Jl^nkvHhi^l^udth dud eipflndsinlD j 5ihv.i.nn 
i-el|-inves[od &ynjpiic termiral ihji r«ldt!, wlrMin j irvufih in Uic 
mustlt nhiT. AEHrvkhulinetcrrHainfria '■v^iipfc ^esicJes ii4:Lumul,iLi' 
adjjcenl to ihe pie^yiidpLit rniNn!H"di>E'jndH*fien jppropnatciv^tlrTT- 



Mi 



uUltil, rtlt^iEE Iheir neurolrJnf,mJTtpr inin the iV'^aplic difi[ JUe 
Iranvrillei Then Itmd-. |n incfptuis ihal rrriHJiJlu dtz^DlHurzaliDn oj 
Eli<? muscle Barcolemmii and iMili.Li4:.i i|ium-Ih jifl>r>n polenliiiL A %iii 
file rnurirlh fiber has orlvoiie neurym^wijlir juncticm. Iiul h mAiv 
snun can \niti!'vs\i- muUipir imtvit fiben. 



Synaptic Transmission: Visceral Ei^ferrnt Endings 



NEUROPHYSIOLOGY 



A. Smooth muscit 



B- c^lnnil r^iibrndnillhuhrl 



^ r 



C. NourtRtrtrplor* 
Ipuslerior piluh^ry} 



^mualNnLusi-Lv t?tJb(ujl) 







Schwann cell tap 

VjFicmalips 

TcnnJnfll tfitcSngb 



hJeurosecrrTory 



Basement membrane 






RcURt 2,6 VlSCIRAI EFFtRElMT ENDINGS 



NJeunindl eflrrent ending? on smonrh niLJ'Ji In (Ah irnd glands iB and lion J ircirii £'^nri^l^^^1J ni'rm- liriT^in'il endings. Ihis arranEemenl 

r.j exhiblr iimqiie endinRs unfikc ihc pres-vnapiic anrj fji^Sjvriiip^iL alfowi Knr Ihe ilimulaliun <JJ njniemu'. (.iryd reJK n^er n wide area, 

lefmjnak nbtervi^rl m neuronal and neuromusculji |uml-|i"Ii Not .ill snufulh musiile ceH^arc? innervarwl They aw connecled lo 

svn^pwi H^lh&r. ntuifil^ansniiHer ^ubsLiincea are 7e]e,i5ed in1(> Hdidrpnl (i-llbliy ^p junctions and can ihGri^lore coniraci rng^ih^r 

rnrentliiai spaces jAard Blorinlo Iht' IfliJijdslreflm (C, neurosecre- wth ihe Inn^niaied telk 
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NEUROPHYSrOLOCY 



Synaplic Transmissiiin: Inhibitnry Mech 



I 
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Ficuict 2.7 SvNAPTic iNHie^TOHY Mechanism^ 



lnhibi»»rv''^'rMp*e.™^kiLtneunin;.Urhv..yJJ|ij^[rii(i:d herein pr^ynj^^^^ 



IB 



niiplit. lriiiianii^!>mEi; Chemical Synaplk Transmission 
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ElLlldF4>rv 



InhlbiiDrv 




in ivi'^piic 
bouinn 

Pip^Vnj^lilif 

membrane 



Tprfri'>r]HlL''F 

^^^ SvnapLic clert 

Po^^yndplii 
nipnilitanp 




When Impulse rf>jchQ endtiTorv ^ynapUfi 

bouf on. Ir r:^u»^ r[?lca&9 dI j irdn^milTi?/ 
sLjl>'.l|iri[f \ltU3 hyriH^rlri • Ml. Tln^ PM(rE>^h>'^ 
ixTrFPahilny nl p^t'iliivniiiFlii: rni'iTibrTin-' li> 
Nn~anriK" Moie iWu" rnnwesintopfpslsv- 
napciccell ihan K'' moves out djeiu premi- 
er el edroche^incal gMcllenl 



\93£Gd hyan impuke IncrfZLsesperrneabillly of 
if^i- [»ist^yririplk Pii-E-riiJirdni- In (Il~ K~ PTkivH>i 
<»uL nljjifaHynritilrr i i-ll Ihit pkj i»'\ ||<jiv ii| C\- 
TCCuraalrGaUEigmt^rnbrdnepiilpnlidF 




Resoll^n( npimnlf rurren( Huwls Inaciliet- 
rtnn ihfll tend* lodpppla hie po5[=.vifaplk cell 
Ifdcpolflriamon reaches linns tfircshald, an 
Impulse Is gen eraled in poitsynaplic ceN 



■CuilLTll 




4 6 17 lb 

CurrL-nl finhv jnrf ptPlcnlijI chdnjio 



ReiHillsnl lonir ^MTient rtijw if in [|lr?r;i"n ihanwiriM^f 

hvpeipoldrije pa^&yniiplic cell- This rnaVes liepaMriza- 
iion h\ e*ciHH:Dr>' ^.ynapwi more diniciiil-rdore depulan- 
zalion IS required loieath rti'reshotd 



mspE 



--7D 



-?5 




Potential 



CXirrqnl 



CurrenI ilo^ Ar-d pDlential cfian^r 



ii 



lETM 



Figure 2.8 Chemkai SvNAPnc Thawswission 



chemical ^vnaptlc Traiumt^^kin betv^^Qn neiirL:iii& maybe cicil^lary 
D' inhibhorVr During e^cifataon (lefl colunm), a nelinciease in ihe 
inwajd Flow io( \a ' compared ivilh ibeou [ward floiFVoflC' resulliin 
ii dii;rij][]nziTi^; ;hj|ltiI|'1L LJian^t; lehLil^rEirv [Jus-tsviuplK iNilmlial 
|tPiP|Hli3ldn^'?5lhie pri*l^ynrt[irif: cell clo^r 10 Its thTtahtikl for iir 



ai.dan pGtp^pnlUJ. Durfii^ inhibillGn Irij^hl columnj, ihe iipening of f(~ 
and O" channel? drive* Ihe rncmhranrpolenlial •iV'A^- Inspri Ihnnh- 
ald HhypeipoljnzaTionf nnd decreases [he probahilrry thai fhe npunin 
will Trinhllkrisliuld jrnfliLiilQ-rvpo^l'^yiuirrJLipalcnlJ^iilE^i'l^lar j;i 
acHiin pfKenFMl. 
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NEUROPHVSIOLOGV 



Synapltr Transmission: T**mporaJ and Sualral Summation 



hdaUwyO 




U**H\Vytlar^ 
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liifuL]|[]]r> ilb«piiv*nL rlr(UL4irisaiHHh lrnm'*Hil.inFiliiiidiciJd 
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tJ. Spalial rnaaiery iiitmiiDiUlcD: -i i|julri'i n m □ diipLmny mvn 

i-jL.^ i*">hvn4)]iu:4ii-pulirim-nodi«[|iPBrl'i?rrM(htiJiB 
I J ir li J iiU ul nwf Irrg J n ^E"! I im i>ol£ 1 U a I 



bLjUli ir> ilher^ 




riniihir.., iiijtR 



Bll[nil<lXi™lpi'J[ln^rmilflrhlt,^jlri*i-|ill.. ^^mjunrnu'. 
InhlhiMi ry P^l^ulur ik^UDndl 4nlldilDr> irFrkj|H.t irldll nfil 
|i»pw™ Hrlnj 



^i 
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CHART 2,1 SUMMARY OF SOME NtUUOTRANSMITTEkS AMI 
S¥:iTEMTIItTAl(EFOU>dD 



WHERE WJIHIN THt CENTHAL AND PERrPHEHAl NERVOUS 



Traru mllEer 



A«l>'liffl»llni 



fiiHRti^k di-mnei 
Ilk-iJdrnine 
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LDCjrlo^ 
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CNS 






l..\i, U'nUd[ Dervuua iy,icn\ i.f. w^BrtJlrHOiliniil. 
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CMIi 

CNi. Gl iracl 



FIGURE 2.9 Temporai and Spatial Summation 



Nruroni rocfi'.v nuldpJc r'>:c K^Eorv ard rnhiblro'v iiipur^. renifKirsI 
^Urnmalior} tn-r.iin whi^ft^ series rn suhlhrHhoW fmpuUes in unt 
E^ciia[orvfiberp>oduLPt jn aciion pnJpnE«al p" ibe posis-ynnfi-iii tell 
ipjiVLilCj Spalial.inirnnnjrFiKiocL-jirs wheel MjltrhreshDld Impiil^M 
from [WO- 01 n lute differcm litwrs. [riBger jn jccioi) [wiiMmnJ (pjnef 



Dt Si»h [eiTtporjl dnd spjdal iummiillon cjn he niodul^riif I^V 
^rnuli^tneousinhibUprvlJipiilipnnel tl JnhNjiinr\ and yuntcnorv neu. 
run-ii use ri wide vdriety ,jl rjPLiriUrjjftmirim, lome u( whiirharc iiirti- 
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ClercbruKpinal Huid (CSF^: Brain Venlricfes irnd C5F ConiposiHon 
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lefl IaIcmI ph^nlDin view 
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Occipiid ipa&tQnor^ horn 
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CHART 2.3 CSF COMPOSmON 
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Blood Plaima 
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Figure 2,10 Brain Ventricles and CSF Composition 

C5f cifculiUci ihiouRii it\o rou^"br[im wenmcles <ftvo Idieral ventnde^ 
and 3 Bhifd ^nd Kfunh venirnlL'Idiiri in lhi.'Militiiii[hnakl ^^piitciur- 
roundin^ [he biarn and spinal cord. The eleclmlyle cornpo^-lidn of 
ihc C-SF f^TiefiuLslE'd by lh? chumlrl pltvu^, which ^crafsi the CSF. 



Impori.inltv. iheT&F ha', a ImsHr iBirn-.T lh,in (jlasnn,! di>ri ihMrrfore 
jlQwcrpH.ThhflHowss/nall chanRMin bJood 1*1.1.1: lo caihe 
changes PR CSF pH- which in liirn iFRulaip^ rhi' tjIl- i>| rLWiraiion 
lie* Chapter 5S. 
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NEUROPHYSIOLOGY 



Cerebmi^pinal Fluid (CSP): CirculaMcin cff CSf J 



Giunnitrpfexu^otfljiL'ni 
Venlndi? (sih^nlntn 

Oslef n oi turpu5 CiillriitLirjt 
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J^ 



FrCURE 2.1 1 ClllCUl4TIO^ of CEREaR05PJ\AL FlUlU 



C_SF [jn ul^fe^ Ihroifgh [he lour brjin venlrkJtf5 (two lateral vrnlricles 
Hniil [1 rhirdand liHirth venEilcIo) .ipiiI in ihe ^ubiir-u'limiid ^ace mr- 
rourjtliny ihe brajn ard spinal cord. M i>.l uMlieCiF li rcdthirbcd 
in In I hi? vi?noui system tfiroujih iJip ^nKhnoid granulationf and 



ihf ough ihe AE1JI5 ol ihp cdpillitries of ihe ctnfral nervous ^v^"""" and 

PM mater. Ttn.-*,u|ij[ad'noklgpa<i? ntninally ruiiUiri^ ^h-jul 1 50 ml 
lit Of .nnd cliectioroiri ple>nis piuducKdhnuf SUUmldjy: hente, 
CSih nims ovL-i nbiHJl Ihreetwrie^ tv^ry 24 hours. 
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3p\na\ Cord: Ventral Rami 



NEUROPHYSrOLOGY 






CI lyindl nerve 
C3 spinal nervf 

Tl spinal nerve 



C^ vertebra r^iF^-ih 
Cervicdl pLi^xus 



Interco^idl 






Spm^l durj miller 

-^ Ffljrnpnlg 

■iprve 'ttoli 
(T7ai>dTai 



l?ihrih 




Conus rrwdylldri^ 

LI npinal nEFve 

Caudfl FC|uina 

Si 5plnal nerve 

SacRiro ictit JtvjyJ 

Termirfllion C'\ 

Cctccynejl neive 



Bgure 2.12 Spinal Cord and Vemkal R^mi In Situ 

Thespinji cord nivcirM^tMii {I p^iiF^of tpin-il nervos Uiai dittnhuir 
■-i-^ininnlrtllv Hi The hndv Thcsc nervKar^ rhr^inizedlrfclG p(e»ii^?^ 
ihdt di^inhuie in ihp necL Icerviciil plejoisi, upjiii liniJi 1bM<:hlrf( 
pleiiu^f, and peJvi* and low,'" limb ( lumbflsacrjl ple^ui^. MolQf Hbert 



01 iheM spinal nerves Innf'i'val4> <JiclFld jnuHHe, jnd sensory (ibers 

rnnvny- Inioirnnlicn back roihc cental nprvoLis w^em horn [be 
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Spinal Cord: Mi.'mtirane'> anrf Nerve Roots 
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Fjguhe 2.13 Sp/\ai MEMBRA^ES AStt NmvE Roots 



■n.i- ^|iin-il cn.d Bkv« liseio 3| parra ol^pl^sl ncrVfi Ihal dulrpbutt The iplnjl i.urcl is ei^hcaltipd in Ihrct- nitninwal covrnnR^; Ihe 

segniortjlly lo ihc body. Mulor Itbeti of ihesi- ^indl ntrv*^ inner- oiner, louqh duia rnjlE'i; ihc- ariirhnniii rnnrer and ihi- pij mali^r, 

Vj»",Lptp[3l mii!iJ-le, JAcfiienEorv fibei^ cimwey inlormafion back la i^lin 1i in(ini->(»Jy pr'^hearhs she cord iisgll C^Fhailiei rhe cord and i? 

I he cenoal n9rvi:iu& sy^lpm hum Ihe skin, stt-Jer^l rrisiJiLli-s rfn<iji>inl'» found in the ^Libarachnufd spiscc. 
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Pertpheral Nervous System 
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PoslorioF hatn 




Anli-'riurlniji 
Mci-I jr neiiFiin ' ell bmW 

Vi^rTiir.ilrctaE 



^ciMcrrviic^urDncdlbfjdv 
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F[iri[jM<-r-il ^n■ry^• 
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Myelin shejfli 
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NeLIrliinusE uldr ji^^^ ^^S 





Ffgure 2.14 Peripkerai Nervous Systcm 



Till" p[iii|]htr:il nprvriuv i^ipm IWS) tru^isrii iil" jB iii ihp rpurnl pIp- 

rncnl5 oulsideol rhe CP^S rJsrain and 5ipinal cord] and pio^^idei ihe 
connections bct^-i'on fiwEINS and ^11 athor body or^n ^v^t^rns. 
THt> PNS Lnn?ii^l^ul hiirndlJE illid dUl^iniimli. Lumpan^'iirs, Thv 

5or«ifllic cnmponeni tnnerViilHafcelelal musde nnd 5Wn and l5 



',hi]Wnhpie(4P('FigLiri'?.T5r(irlhp auliititirrik: nwvuin sv'ilBnlj.TTiP 
somatic conipcmcnf of ihe pcripherjl nprv« conlainsbculi motor 
and «?nwFV ayons Cell bodies, or tin? molor neuroii* are found (n 
rhi' <inir?riur Imrji i^r^y riutLiT, wlit^L-di ihi' ic'll tudik'S nl ^uirsory 
raeurPns are lucaied in Hie doisal fchji r? nsTiii. 
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Auton(»mir Nt-rvtms Svili?ni: Sche 
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II 



Fir.uBt 2.15 Autonomic Nervous Svsiem; Schema , 

The auiojKMnfc Murvoussysicm c ccmpowd of iWDdlvskdniHlte 
paMsymp^rhelic dMskjPi ifpnved "om iour ol iIil- ■< rrfn|-i| necvcg 
iCN III, VII. !>;, jiHi \f flnci the SJ-M sacrdi ^jfMttird lo^ls, srtd iJie 
5vnipjiFn'ilrriM:,HDii aswmoied ^iili ifie Iboracic onri uptjei lumbjr 
■^lliiJ tord lpvfj< (Tl -Uk The .mlonomic mivrni'. ^ysrcni n; ^ (kvi>neu- 
pnn chiJn, wi(h ihe [wcBari|.|K)nic m^iu-iii ^nsing Irorti Ihe cerlrjl ritr- 
voLiS system and iyniipwng on J iHistamsliorik neuion lotdiM in ei 
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peripheral iuiiianmicHan^it-ri, F\^!*ls^rLfilirjnicaM)n^i.]l ilteflUKjnonnc 
nefvuiii, ■vviiierm innrrvdle ^mijolfi mubcle, carriw* nutwrJe, jnd glands. 
ft,i^cj]lv. llii? hymraTl^eCii: division rio[-ih/*-h fturbodv ("UsHior ili^n 
wliifc-llif parasyn^iafheticd-vChl-iPi r^tl^^lalei clisii^tTve anif iuiiiiEYimiicc 
Umctiom Norrnjilly, burh iTii'iMon^ wor6:inci>iKedlijreei.ljievjMerpil 
uLUvWy (re^pirdiiQjh. uicTiovaKuUi furnriion. digKiiun, and J^niodared 
R^nclular JLlivHy], 



AittOrtomit Ntrvciiis System: CNulinergic and Adrenergic Synapsts NEUROPHYSJOIOCY 
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Figure 2.16 Cholinergic and Aejrencrgic Synapses: Schema 



Ihefluloronilt nefvau%4yslf?ni<AN5;iinlw[>iiei;ron chain, iwlh 
the pfleEJr»pfionir:reLiriii»aniiinfi from the cenlral nervirt]& ^yblem 
and svi'''<'*'''H < '" a pn^ti-anpllnnic neuron loca[c?siJn j FHiipbersi 
^[[[DnDmip' ft^jiRlinn. Aceivlthnlme- is 1I141 iieurciir.^rf'djniUerin bolh 
rliH vi-mfMllietic and pafa^vrr>pjlhirlir ^nnRlidi, THp piir.i^ympjEhelit 
dM^ion nf ll>e AN5 rpltj^yi, at'E»Eylch"line af its posffiarifdiArtl^ 
!ivniips«and n, c fiiirdHitenifed ai having dioMrergjc IC^eflecE^. 
hvliLTt^d^ [he '.vmjulheoc division fefemes nrL-ili^rnln-inlly n^Jriidrenj- 



linp(r»rjrj^lnephnnpJGr rls|SfMHdi)nli(hnitiv'i^|iiie'<, nuking sdrener- 
BiclAlellectil(?\ccp[on ivicul nldrds whpre flcervicJ>nllrn? is 
rele.jwrfi. ^(ihnpufth diztivic^wiiirie ^nd noridrenalirc are Ehci'hiw 
[TjnsiniHirr -.uli^lflnci?'!, nlhRneuip-iiclive peptides ttfli?n die i'dJckbI- 
(zud wifh thnm and rnclude sjchHib^Untc!, ji ^wuiii^-i\in\na\iitynt: 
^rlHiCAHrSj, uibsljnceR t'nkephalinq, hialaniFne. Bl<Jiar"'c Jcld, 
rvcuropeptrde V, and nlhti'^ 

27 



NEUROPHYSIOLOGV 



Hypnihalani. 




m 



^ 






CHARItJ MAlOk FUMTTIONS OF IHE HYPOTHALAMUS 
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Sdt«[y ctnlef : InHbiTs baling beh^vicv 




-|], 'I.I !■ r . ■ i; M lii||,il ii||;jri ,1:11! rir|4.in|l"n 'Jntrulncij'vi 


M i| ' .1!": 1 i''Jin 1 1 . . ri 1 I'l^ .v..ni.,:-i. .n .-.' ll-ii'|i 


Para^enirkular 


ADH anrf ov^tocin secreUort 


PerrvrnfrKuiar 


Kp'piisinn hDnnone* forihflanfnloc pttuiian' 



'SliniLtliilnjPi <jl lilt E Hnlh-r I siUL.t^ I no iL^jji>rihi'^ LiX-pdr 



Figure 2_17 SCHfMwic RfcoNSTRuaiON ofthe Hvpoihaiamus 



rhehvpOlhaUmii^, (larl oflhe citnc-ephalon, COnfroJa a numbe; ol 
FiTipurr.ini linrneo^tiiicsvtnimt' wilhinihe beefy, including [emperi 
lure regu(jli(jii, \<iih! inFakc. w^ief irii^lie. manv ol ihp endocrine ^v*' 
letui (^ee Ch^pr^r b), mctivaiici-n, ajKl tnjuticirid bchavicr. II rcceivK 
inputs iFom the rellcul^r luimdliun (■ileep/wjltc cycle Fnlorniallonl, 



llki- ifial^miK Ipaink thr limbic nyslpm (emclrnn, fear. Jngjcr, imeWi. 
i)>e- mcdtillfl obkinKJi-i diliwirt pressure and hoan ra[y|, jnd iJieopii 
sysrem. dnri il inlp^rste^lhesclnpuu lot rt^uliilictn ollhe luncTiDos 
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Limliit Sysff-'m 
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Figure 2.1B Hippocampus awd Fornih 



The limhic sv^lem imrludp* ih^hyp^illifll-iniii^ And a colffirlrfin or" 
fnlcrconncclod 4lriicluro& in iheretcnccphilon Icinijiiljli?, pjr^hip- 
pcKijintiJdl, dPd ^ubcdNoMJ ^yti), m well ni ihe dniygdald dnd hip- 



pnnmpfll fnmalinn. The limhjic ^^rem fundlnn-s in linkfng ecnonon 
and molivjljon (JiriygdjJai, learning ami niE^nniry [hippocjirriial lor- 
mdtion/, dnd sexual behavior iliypolh^ldniutj, 
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Fjgure 2.19 Cehisrai Cokfex: Locauzat/on of Function and ASj^ocution Pathways 



Tbccereln>*lfnrlpi is rHEaniied inlo luncfioniil reglonj^. fH JiJilJllon 
!□ ^EH-afK arefl5 devoied Ea Mmsarr nnd moicrf lunc[ion,h- Ihiire ate 
drsiailliiir hnren^iilelnformalionfroFii mudHple jour^tb l>ie cercbraf 
cDTte\ pi3mcF|Jdic*, in ddtjni.-tJ inlcllccluijl luiwlnjris, ir^Lludina 



asppd^ at rftcrninv r-lnraj^e ,ind rifall, Idnjjyane, hpglier cogriidvi- 
iiinciiuTii, ["i3rrficioiJ5 [M?fcepLi[](i, vcrisiiry hnreflfjnon, .jjhJ 
pUnn]nR..>*eruliUn or complp* rnotor dcUvilv. Ceiitrj! c orHcal ,!«■- 
d-H^iuciGled wUh lln'^r tunrlinn*. jre il]i]%lrali>d. 
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Desct^nding Mulur Palhwav!^ 
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Figure 2.20 Cokticospinai Tracts 



ThecDii|4[iwinal, <H |Jvr:imidjlrFN<1f4theiria|ar motof tratiihar 
cfinlruI'vvoPiinLjfry movempnl ol tliF *ktlnal rnu^eli'^r i"i|i""n''llk' 
skilled niavtiiK'Ht* [fh fti'.lril nnj>i l■^^ iH (he limbs, -'Ml ilmclurci from 
llip r^rpfv-il ciHteulo tfie inTerlor hoip -colk in EhMi$pin^l ctirtf con^li- 



Riiic ihp uppFr portion mtllie w'^m (upper Fnmor neuron). Tfiearite- 
ritt hum celk ^nd rlteir assucidrod n-am cun^ntuTe lb? lower pnr- 
Cion ol iht! sv^tEm lla*ver molar leurnn). 
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CerG helium: Afferpnl Pathways 
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Figure 2.21 CbRLUbLUH Af^eremt Pathways 



J\^e iJCfL^ieltum pCay^ar imporunl lolf in ccvordiiiJlinii iiHiv<!iTki-nL ll 
ri'ii'ivL-'i M'liMiiy inlEHniHlKHi jnil ll|c^ i rtiliii'nf [?i rifrf'tridirre rlxHor 
pa^^ll^■ JT^ Irn prnduce rrnc. 'inmtFtH, ,-ind cocrfdmiil-ed motiori. The cpri> 
beJium I*, divided ntut three general 3Tea%; jrchicerebellum t jIso nlled 
VKlibiilcicefebellumtp^ecicnebfUuni (jbocaLkdspJnoLertin.'JIurnl 
and the nnocertbdlurn inlu^idltiriiJii' (^[^ri!hrivi-r4'hi4liirnM>ir! 
drtHLc.ETHlM'lliJmKpririiJrilyinwjKi^l m c'mmtJIing pc.^1iire ^nd twt- 
iinc€, 5'i ivifll a'l jIh" nnv pfiuTkl nj ihf htLnJ .1 nri •'^**. ll receives ijiHei- 
enl iisnjlt trom [hf? n?5libLiljr appjrj[t]6 jndi Ahni wnds encroil fibors 
Id Ihf dpprDpndU' descending matDrpa[hwi3v&.Th9 paltCFCi-ii^bi^luPiL 



piiJTiairlv ccinlrrDl'. iiLov<>irji-n[ aHl-\v (itox\mii\j}iiilMor\i-uilJn' liinb^. ll 

mHlvi-h MTiMirV ri^liiini'iLrnii [»n J|ETk|i po>ii|MPn Hiid inuv|<> KinHHrnl 
riicn modilies and CDordiralei riie5r nidsernenlsdinjjpJkeflefenL path- 
ways 10 llw appropri j[p desci?ju3iiip, mator p alhwiy t Tlw noocerebel 
\iim Is ihe IjiM'^'f^"'*"^ '^ 0}t- i.aehviii3n\, diul il CDurcIln^li^^ ihe 
rntJVi^ipFn-rul ilie drjnil n"^[t"^^ <H Ihrlimhy li receiver Inpiii rnjuilhe 
^lebcjl txult^i i>nd fliijj hEjIpi in(|i^pljnJiinaD(m>jior<(ctivily<e,K,H 
s«?ei™|j,a [ie'<(\t ,ind ihen cJanmlng j«id evtculing the mrivenieni of the 
arm and hand IQ pick iluph 
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CorL'hellum: Efferent P^lJiway^ 
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Gnborf nu<.\e\ 
EmfK»lifr)rm nutfeirn. 
Denlal-e nucleus 
Cerebellar 



Vp*itihiilar 
nuclei 

I nf eno r c^rchpll,* r 
p«lunc|p 

Jnlp'inr nlKe 

Lateriil rpiiruliir nuclpus 

Mpdulh nblon^id 

Pnnlnmetfiillary reFlcubr formaTrnn 



MnlDF 3nd 
premotor 
cerebral 
tnrlev 



Decu^urian of «upi*fior 

ceretKellar p^dunclt^s 







FicuM 2.22 Cehebeiiak Efferent Pathways 



The ceretielFunipIiLys jnimporTjnirDlem roordinrfTinfi muvemefi I. H 
mrluencea descending molor palhwayii lo [icr^ddEie line, ^moolb, and 

fJHirdin.ile'J nif^lKin. Tho -I'tfhiCtreb&llum >•> pnman.ly mvofved in 
CDnlrollIng po^lure and balance iind rrov^menE o\ [he bc^4J si\<\ 
eve5 II stndf^ eiferenl fibers To ihe ;ippfop'rijre d("icending molr^r 
pjitMJVs. Tlie pjlenctryljuiluin pnnMrily tonfrdi ntovemenr of Ihe 



prOMmal pyrlions of Ihe Ipmbs. It modnlca and irtiorriinaii?'^ ihese 
movemenLs rhrouj^h effereni p-kiliw^^-^ iia the djjprtpprrrtle di^cend- 
ing, molor palhw^y^. Tlie neocerebellum coardinates ihe movemen] 
oFthediblril porliunsuFllielimb^. lEhelpsinTheplDnniikRol molar 

activity le.A- seeing j pencH and then pljjanm^ jnd mvcuUng ihe 

ruDVEJUienrmihQ srm aid tund |n;>icLii up) 



NEUROPHYSfOLOCY 



Cu Igneous Sensory Receplors 



Fri.Mj I ivrvu cindiFig'i 



VpljuiorvlF 
AireilmwintlcurinUr, 

S'uHflf. .-> 



MfrirH.T'i cdtpiImJi? 

Pore m\ iWEJl |i;[and 






^Irdlurn iiurncum 

^UjtUITl 

li]fnf[jm 




EphhBllj 

CElk 



Cylufilrts-niL 
priilruiiikn 

MIlochDrKlilE 



Eii>.iii(jeil 



Figure 2.T.\ Skjn and Cl/TA^Eous RLCLPiuKi 



CiiLan[:uuvji'<LftfiJTirw|inJirilijlniidi[medanofecop]nril, pjin 
(noci[:ep<ur5)^ fljiri TeniperinLiFe (ihefnHjrcLepiuib). SifvcMl <IirfiTHni 
lyp^ n^eentiJln's jie presenl intliin MuK^nijr'!, iprpuscles have 
^mall recepiiiT? fltlds anit rtipuiMH ^l^^ ly.jimyii ihiHare applied Hi 
low ircquenc¥<l-(L, llutlErj. Thi- p-irinian ccKpuscJes 3'e lutdlpd in 
ihesuliLuUiUfOUiikuieand have I jra* recGpuvt lirfd^, Thyy 



rmpond besUo hiRh-lreQUHRV hLliMUktiun lit?, viLralmn). Mj^rkel'i. 
idiM:skivc^r]i3llrGCi?pliLuri[-ld,^dn(lrc^[>i7ikdlii limtli -ind pies'^iire 
(j.e, inilfnlinK ll"^ ^^'"^ Jtufr'nii ^ cnrpusde^ have larne reccpllve 
fields, inti llii'v -ilhn rE"iricnri lr> irKJch jnd pr«^urt. Piei^ncrvt L'riil- 
ijigi. h^nnd Ld pain and itmpE^raiurt^. 
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Curan^ou^ Rccepror^: Pad man Corpuscle 



NEUROPHVSIOLOCV 








Ujj 



7 



li\ rtixl<' 
Cenir.il enre 



AcElm pdUiiliBl 



A. ^liilrp'Un and utt~ fftan^e^ in prpiEurp Jl ^Uirl a nd E'ld 
uT iiuiie jpiflM^d NiUmEirjlfrdrAp4LiJpArp|]:krk%mi|iti11fi 
K^lkLljIiDirjn^lid |pruLiik<: Ui'nE'FiiCMr pc/r? n|i^l', k^h irh in 
lU'H \'\-y Ui^^cl olUut ^LunLi^'i; ihpn' jh ni r'-npi^nu' lo l1 
*i^ k'^iillfH^ in pltJiurc giiid icriL Piphuie a' rpnlralcore 
.ind, ifcnrrlli^^, gvncrdl ur poLcnLalE dUC rjpidly IJl^'Jpalecl 
hv viicn^Li'Lilr pmp(>#(ic^Hjrcd|jH]lulAciiunpoH?niifl3Bniav 
bpblmfcpdhyprp-Mni'P jn nnde Uf by <lri]gs-) 




B. In.ilv;t-iii L i.ii i.^thiutu, d'ui ruijuhidn 1 1^ ^Jeha' a> well 
ji InfL^pId fh,>ii|"r-* i" |r¥i!^vu"L' CcrniriLnr polunrldl 
rtlEHpjIes Jrjwlv, iUlcJ ihcrcliriQ'alf" r&ponsc 



Aclmn piiEHiUaL 




)'r["m]rp flpplicrl In iir.n ir--ririnil rlim 'li nr 
vij utpi<u J? faui.p', mrrpsv-H p^nn^jS^iliri-' 1*1' 
mtr Tihranu 1(f Ka', [hu^iipnuip upFJHiir 
K^ntrjlurcurrtnl Ihrrmch UTnndp 




enoui^tU>rejchllire^hDld, Jfij-nnnnoipnryl i^l; 
Epptiu«wliii.Ji i> pr(jti,iKjred uk^TiH FbE'rvi' EltiT 



f^ 






Figure 2.24 Paciniaiv CoMPUSCLt 



I'jclriiin corpuh'ln^ mp mechancfeceplors ihat Irjnsduce m^ch^ni- 
rtl fnrte^ (dj^l(iremei»[, pressure vibrartonj imoatiinn polertijil5- 

ihal are conveyed ccrtir.iHy by -iilerenl ncnc fibers, Ai Ihf VM.[jeldv 
II'. liJfTiellae aredis^jlaced, li>p ujunv^lridliKi Jicii It-miin.il mem- 
►rrne's ionic [MfrriL-ijhiliiv 1^ rntTtjiwd unrti ii h capdifi^ or producma 



s "generhHiir ptnendjl.' As dE^mopsridiod in Thcfifturr, pdnnian rrw- 
pii^cle? rtspijnrl to ihi' ItcsjEniiuin ,infl p-nil of a mechanfrjl tcrce 

the Db5(?nccorthccjpgirk', ihi'^ripiiii'jr pnlenfial decays slowly 

dnJ vjpWh rtntv H single acimn palennal. 
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NEUROPHYSrOLOGY 



ProprioceptJon and RefLcH Palhwiiys: I 



^pliid] fffecEor ^^e(hdni«lm 




TttikeleLfll musd! 



Q muljr jxon 



bchemjlicrcpfncnlallnn nfmaln' nvurcins 



m 






111 cervLcaE 



InlumLur 
Fjildrfii-nii.'nl 

iM SpJMdl LLIfd 




^^ 



Fjgure 2_25 Pbophioopjion: Spinal EfFECTOR Meoiam&m 



PosLCian vnu: or prapriccoprion involves inpul frcin ailun'^ciuh 
riiw h Jn<frpttTik]i^i Ciilgfc tn>dtin drgjn'^ and muscle ^pindle^ ^mid- 
dle figure i>t upper pEirtpIl Both monmynaprpr ic\\{:\ pfl|hwi3V> iniid- 
dle ligurp III upiJL'i |i.iiii'l) .rnd [icjIv^vimiiHi pdlhwjys involving ^ev- 
a^ spinal cord 5eBi''^''t* 'top ■'"'' l>ol[oni figures oJ upper ;hiiidt 



jnTJale muiclecDrirraLliOPi teflncE. Ttir Idwlt iidntl ^li>>v^ Ihb- 
itunjitiioijit di^irlhuiitin -ji rhe rmjigr neij rcn tell bodies ii> ifie ven- 
rrnl hdrn nhhp \p'n3\ cord Ihfll irneri.'jle Ijmb muscles (fieiior and 
GitDHiMir miE^I?^ oj upper And lowfir lirnb^J- 
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Pmprinreption Anti Rei\ex Pdlhway^: 



NEUROPHYSIOLOGY 



Ajpho moloi neuroni in Gufilusdl 
tin jIkT muscle ond plalo^ 

Klrlalud iTiu';di> Ernil pl[i[e5 

lsiAa\ fib?(i lrDmannuliMpn"a 

pJirlrnB^jprnpnocepliOn) 



Lk lApHiberilroni flower Epray 
endin B' < P'cp"iJccplloM )r 
from parmrliprm ( itri luv l""^ |prp^su«eJ 
and pjciniari t<"pij^tl?f IprRMirel 

I El (A&i flhei^ Irnrr free nerve endlniis 

and dnu] ^rune ^peci.ili^ed ending* 

W (unmyelinaledh libers from frte 
nerve endirRS Ipainl 

lb I Atri nbcr; Iron Ciolni hrndnn 
oFijiins ipropnocepn-flni 





M|ifi,i mmnr neuroo lo ehlralij-sdl 
mjsdp Fiherend pbtes 

Gairurtj motor neuron (n Inirrflirhflf 
muscle liber and pi JL« ■■ 

II 4Ag| i\\ier Irun'i flower ^3Eav t^ndli^s 

id jAo ) liber Ifom anpulcKpiral ondirgi; 



An fibers from 

CGlg)-ll.-pe 

en (fill fj-, 

*i [J liber; from 
pdLirtLlarm carpuiciei 
J lid Rutlipii EiTllrliJ) 

Aft at\d C fibec 4 
from free nerve 
cndFnju 



■E:*lMfuHl 




^hejrh 
Lympli 'iiidE'c 
Nuclear bnpi fibei 
Nudidr ihttwi fiber 



Detail of 
muscle spindle 



nrralu^l 



^fi^rpnl fihtr^ 
Afferent fihen 



Figure 2-26 MusciE and Iojnt Receptors 



MuiicJc; ^pindle^ and CqI?b lendon orgiin^ send afrertiH SL|n jk l-i Ihi- w.herejpithe niidejt chiili> llbuis, rt-hiannrJ irminrpr iri-rt"- Inir^tuwl 

hrriin 1n ( fjnvev rheponlionol llmte jnd hiilpicunrciinaCE muscle filwre niainl;iiii jppn^[iriAlp fpr.non o-n thf? nuclear bij and hucIcSj 

mDvcmenl. Musdi'spMndlcTi cphvfv infnrm.inon nn muscle lension EiJiiiin fitieis. If (In? rnuwle lensio^ a lou ^Ldl |t.y_ cjvfp.lr*-l[ hmg or 

dnd tonlriKlH^n I dynamic forces) arid inu&cfcc iLirighh l^l^hc Frwce^j. mu^le Drloo heavy a loddh, adivfllrrjnuf ttieCoIwi lendon oreaii 

The nuclear bag fibers respond lu linfih ifynamicand -.titicforcH, cau&ts j ri>iK'M rclfl>iiilinr>nf (he muiicle, 
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NEUROPHYSIOLOGY 



PropfirtceplJfln and Rpflpv Pathways: llf 



IhllKra 




iHidon 

nrgan 





Inlraliaiil midclBfib^' 



Ali^h'"! iviAEfir nenrnrii i i -^ — '^ 



Ai PiHlivr ulrplch' Both inlMlLiul iin^J <'<lr^iLiMkl muwilE^ Hbfr* sltnH fxiilj 
b[ll>ILll(^ dLllVdlVLl. Kurluh >ld Id ^lbL^^ drill dl|]kb miH L?r ncUrflTlb <.iHJ)t-li 

tt<i»n[l,iry rm^tlp^fiinn i |i*-hM>l ^inTfli rePe^ps, *iifli ,t' Lrtpe irrkj, 
Slrelcli K IQQ wcdk to [kctiv Jle ( jal£i rertdtjn tir^^im 
h niifi - 1 

1 



Lt llllI'H h 

JnfabilQry pnli<iT>Giiii}n 



Alphj moTo' npuroni — 






Irnnibrjin 




B, Acliv? cnnlrunioii. rFii1r,il jiirMslinrk [kf ^Ipku ■"[ilnr nnrin^ 
4inl> r^usehc^inlMrliun nl fklrdluul mUidi' lil>tin Vhllli CiirtiifEluen I 
TpUiniiLiunui msr.ilu^rrlbi.'n, *|iirkllL^ "<.'i .uHwaurd Ti-'i'innKlnw, 
dOP^ rtor Lidlu'^t l» ifirrcJvl i^iUUrtn^ Tcndnn nrn^rr jf riVriVrB 
cauEinj; lel^iGlFon 

■\l|i|i.i .-irwl 
^Tima 
jclmiilioii 
'r-iir h.ir^ldrl 



1hilli^r( 



lbi lilwr^ 



EvIrafuBal miJid 



InUBluidl imisclc 



Alplia inm nr np uioni- -f +■"- + 



Cdniiriit nii^Loi nourcns 



e (ibtfr \\ 



urgan 



Cl AeIivv CDclracllunivl ih giinmd oiad naliDn. I nOadi&al ds a^IL eb 

tklrafuBal flbi'ib (Urilr.K.1; H^ndk^ ,ic i^ dfEd, i^inltirdr^g o HlFriicI lrir> 

GcKvaMd, caioJni; r«ldUlMHi ir Load a loo grsil 



^ 






FiGUHt 2-27 PROPHJt^cEmvE Refle;^ Conthol of MustLE Tension 



In leiaction ur tlie miBcle spindle ami CoJbi lendfin or&an dunng |jaHi ve sirerdi ut a musde [pand AJ and <liiri"*& a cunUdtcmn i|wr>eJ4 B d[id 

a, 
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Prf>princrpliiin find Rt^ftpv Palhways: IV 



NEUROPHYSIOLOGY 



A. Affprfnl lnfiJhiti'tn 



Fron> onlcn^Qr &pindlc 
ftK:4>plLir(Eri, 11 iAiyiii'^ 

F'opnricxo'^pindlc X 
na.linberet ^ 



infifljllfn-v riHirip^! 



To enlen^or^ 



B. Strc[ch rcllcv 

irtiufrfEiCdkl inJllliillOni 




Fion> QiliTisctr ^pifkdlij 

A'comniiiSc cff 
axodendnlic 

iiihjtiilviv 



I ^v'^np^e 



E^cil.irory 
?VnJ|iw 



o extensors 



C. R4?Lurri-nl mhibi^ifm 



D.Tt^ndi>nor)iJii reflcir 




Tu jvniii^lii 



- from eilersior lendon 



nhihlhO'V'.^nflpMe 
L^qlJLory svnapw 

Td cMenior^ 
To flcnors 



[. rlfirnriwilhdrawalrenpv 



Nodccpiivc nbf r^ 



Ip^iljIfT^I 
flciiifin 



InTilhMory sYni;ipu 
FxtJtaiuFysyiwpw 

lo erten^or? 
To fli-yDr^ 




CnnEr^l^lerdl 



EincHatnrv synapse 

lrifilt>irnrv^VidF^e 

— Tn exlenMniri 

Tu dehors 



d 






FitiURE 2-28 Spinm Reflejl PathwavS 
Summafy oirhe*ipinjl reflex paihwnyi 
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NEUROPHYSIOLOGY 



Sensory Pathways: I 




[HHlLienlial livni* 
P[^^|^^|1]r linbcl 

IVI'LI nucleus of 
thdliimu^ 



iLwrirliral peduncles h 



SplnorhalamN: Iran 



lower part or I 

medirllfl nblcn^lj ^ 



Rpllcul^r fGim^licm 



i^edial IcmniscLis 
Cunt-ale nudQuc 



FjuiCLitu^cLinedEus 



Cervical |>ar| 
■of ipirtal i-Urd 

IJld-dl 

ipincuhjIamicTrutl. 
pjiri, Icmijcrature 

Venlrjl linliTH" 

ipirioLhjLjmiEi iratf 







PorsaMppsiennr) spinal 
rcn>l RiinRlion 



Lurge 

rnydinjhjd 

hbers 



pmilion 

Touch. 

vibrAliitn 

bmaW 
P^in. 1 mvelin.iEtd 

tempcfdurn? J jnd unni-vrlln- 

jiQd libers 

L^lsr^) CErvical ni>cleus 



Spinoccrvicjl [raci 



^% 



Ficuai 2.29 SOMtviHETic Svstim oi the Kqdv 



Pafn.tempej'dl^iri:. and pmaure&ensatt arts bplciwihi-hi.Mil ulri- 

md]p|y are conveyed in rhe primary wETraiasenfory cortei; (poteen 
Caleyrusl by [hi? ariEerttljlj^r^l bvaLern (^pfnDrhaldmk aniKpJnurf-lic- 

Uliii li'ii.liilTliflri^iiir jIii^ thr^Glrii jndcun«jlu^DlElie^ind 
lecriniKa[ syflem corvGy proprjoovlive, vJhr-iHfr\, and Ddclileitnio- 



riirpi^ In ihe llialarrius (vi?n[j^ pQ^WrfiJ.it<>rAl nuLleuM, Aher^as [he 
laieraL CLiviE^I systiin rTtcdi^m-v ■yime inuch. vibraiory, and praprro- 
ftplikp ■jTi'Hi1inii> (blue and purpli? lines «liow thcsn t\iia\ \iMiytv'iy^). 
Uldm^Lelv. ihE^ illicit .itLupid j<, p,irjlli<] [ijlh^-ivs Ki the iJijI^nu^ 
synapse, and asc^ntT |rj rhe ccrten. 
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Sc^nsory PalUviAys- II 



NEUROPHYSrOLOGY 




Coipbrjl cortex: 

pnircDntrjJ ^rvru^ 

ypmr^l prifiTP roFii-?dijl (VPM) 



L — ■ ■iiriHiivuf riidldnius 
nierniil capsule 



Mitlljrflin 

pedunrles 

VefUfd 

frigemlnal 

Rflicutiir 
fcjfjnalron 



Dorsdl liigemfnal lemniscus 
rrEueminjI mewncephalic nut leu !» 
Tnf^eminal mulOT nudeUfi 
Pnncrpal ^en^orv iriReniiFfcal nudeu* 
Touch, pressure 
Pain lempt^tatare 
Pri>prioa^pl}on 
Tng{?]iiinjj (^emflunjr) ^anKlinii 

QphrhelBTiicr*. 

Mai^illdry n. 

^pusory rool 

and 

Mntar rool rnl niandlbuJjr n. 




1 

Medullary 
rericul J r 

Jannafian 



V ^.^.■L^|^V^lJn. - 
\ V.iiguHMl n. 

SiibiMndii gel iiimow [lamina lt> 



^^, 






Fjgure 2.30 SoMisTHrrrc System of the Head 



NprvecElliboJeslor luuch, prewuff, [irfia ar>d lenifwrature in ifie 
htud ^f in the |ri|^nimdl isemJunar) gcmgli-on of iFi? ErlRemirkiil 4CN 
Vi nerte (blue and red Une'i in figiirpj NJpuroniil cell hrprllp^^ modi.ia- 
ing prcjpnocept^on re^de in the nie^enccph^lic nudeb^ ul CN V 



{purple ribnf*) Mosl rpjjy npiiron* prnjecl Id the EznTilrJl^Eerfil VFM 
nucleus oJ ihe ihdJaniub and [hente lo ihe poslcenlral gym*; oJ iln? 
c«et>ral coriB^t. wher? Ihey ar? «iina[olopiCdll^ repre^t^nled. 



NEUROPHYSIOLOGY 



Si-nsory Pathwi^ys: \\ 




Sthemaricdenvifjzationol 
derniiiiDniei^liQVtfi d'b^lF'Jinci 
wymenii. Thcrf- 1-, acmal.ly 
rnnsideriible <iVE-rlap bcrweeni 
any i*vu aitjjLETH dFmwtorTiK 



levM-i oi prindiM^ dcmtAigmn 



C3 


tbvldc^ 


C.i, tt. 7 


Larcral \iJtitt dI upper linih* 


CBpTi 


MtiJrdl 'liilti of uppoj liitilu 


t6 


TllUdlllt 


t6, 7. a 


liind 


CJl 


Hin^ ,ind litdc? ITi>j;r-rh 


T4 


leveJ of nfppte? 





Tlfl Levi-lisiunibilicu* 

Til IriyuiiiLilDi groin rcR][tn? 

LI, 2,^,4 ArrprpMr^r^d Inner iuJi-fcitesafkD^^i!! Ilmb^ 

L4,S,SI fool 

L4 Medl^ (tdi! cii grpal Inp 

S1^ 2, Ut Posterior and jiuiPT surfGiif^ iiHoi^Hr \rii\h-, 

SI LalerjJ nurj^in oFfijol and IPIIIl' Lh? 

SZ. 3, * pQirii-iim 



4 



fe' 



"^ra 



Figure 2.J1 DERMAiOMtfj 



5cnsory inlonnacion hn'lu^' itv Hp.hI ]( locjliiud lo speciflr JiejsnJ 
(Jfc hndy. which relleci (hf disEnbuiinn ur ppri|>htr,iJ wnsc-ry f\b^n 
iKalcQm'L'V H^nsalioivs lo uHl^ spinal tnrd riimu^ Lhi' d[»r'Mi[r>icjl* 
(wmprv wTvecell bodies r^iide In [heLurnspcHiEl'ngdDrul roar 
li.inBlioni. Thi' Juj ntikin subserved by aflerpni fibers niimedru-sil 



rrwiT 15 C3IIhJ a dfrmdlGntp. Thfs lieure showalhodprmjiQiiiuM-g- 
nienh mil kls kty rferanalonK- loul}. uwd by diniciJiti. V^nobilily 

and uveriap occur, sn ^ll (Iprmiilgme ^oi^nLOih; hiq unlv appFDRlnid- 
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■al Sv^lem: Receptors 



NEUROPHYSIOLOGY 



A, Eyebafl 



Siisprn^orv 
ligiLmGn I 



B. Stdrun 
Ihrvush rttina 



lens 



Cornea 




Retina 

Choroid 
Sclera 
FovM 




OpliL iiurve 




Inncf limiting 
membra nif 

Allans ^1 ^urf^rc 

Via optic nerve, 

chiiism, iind iract 
\a Idleral 
/"V ^enlculdle body 

G anglJnn ^1 

Mallei celf 
l^upponing, ^i d 
cdll 

Amacnne cell 
Bipolar cell 
Horijnniil fell 

Cone 

Cismenl cells 
oi choroid 



SvnjpTlr 

cndin;^ 

iJep^ildTized 



Ctiirunl 

How- 

ptfnwdbiliTv 



C^ Rvd in dark 



Rhirtlop^jii 



D. Rod in lij^hl 



Melflbolic 
pncrpy 



J{p|inenp 
Vilomin A 



Grculalioii 




'Synaptic 
eridine 

fullv 

pulari^td 
Synaptic b£tr 



Phn^nni 
uE hghl 

— ^Lumirhodnpsinl f°2A 

Metarhodaps" 

1 

fRelinene 



iNudpu? 



*• 



Cenrtiote 
(b^sal hoiiyf 

pprmejbilily 



.' ' iJecrea^ei 






Fir.LJRF 2_32 Visual RtctPTOK^ 



The rnris^nri cnnr^ of the relma lriin«l(ire li^lir inin E-leitrFi-.i! !?ij;- 
njJ^. As Flb^trdled lor ihe rod. liftht r^ sb^orbed by rfiodop?^in, jnd 
Through ^hei^-t^lnd rrn^wcnftei ctJMPlnoisliownf, Na chanr>eJsin 
-hE' rneribran*- ckii^' mid ihe ttll hyperpulan^es. Thus, in (he djrk 



ihe i.'L'ID lb depularizcd, but il \s hypcrpnJari/ed m the Ijghi. Iliis e^ea- 
Inciil response io Ir^hl is dr^tinri frnm oihpi rpcpjsior respHni^E^, m 
whirh Ihe respoi]*»E! to a sfirriulu^ res\jlts in a detjolarrzarion of [he 
receplmr tflt membrane- 



NEUROPHYSIOLOGY 



Visual Sysk'm: Visu,il PAlhway 



CentraJ 

darker 

<"ir[3r 

macular 
zone 

'■Kades 
Each 




PeriphPfV Macufa 

Siriiciury of retina ischiimiilicf; 

A Amatnne cells 

B Rrpur^rcplli 

C CortH 

C Ojlk^iOnfdl5 

H l-lufi£»ntal cells 
P PlRfiienl -uHls 



genkulale nudi'uh 



(iHiire . ^0^ 



Pmjection 
on I ell 
Dcciplul lobe 



on ri|iJti 
iWrrpdEil bbp 



J' 
HIM 



FicuRl 2.33 Rftinocenicuiostriatf Vi^ua-j. Paihwav 

Thv i^rinj has hvo types Drpl9oiDrece(»rurs^can«iJi^t mediate 

color vjsnuTdrnTmdsCharnnedijtelFshipcjrfi'piinnhiir with low acu- 
iCV-The greaie^t jcmry i& fijund rri ihr rnj^^n uSthe rndtwlij of [he 
relina, wheri? <inly ciwie^ j]i' luunri (uppmrli-lT panel! Visual wgndk 
jro crjn veyed (5V Mie- ttunjslr-rjn cclU Wrl^ose axons cours*^ in rhe optic 
ner^rps VisuaJ sign.ils from ihu nasal ret>na cross In the optic rhiH^ni 



VLrhileinfnrmjrtnn from ihetprnporal retina rentjlii^iri rhe Ip^ilateral 
optB!" |JH< I. fibeo iynapsp in ihe laEeisI upriirulale nucleus ivib-j,il 
Uritl 1^ lopogrflphicaNy reprrtiiiUtd here and InvLrK-dl i^nri si^n;!!^ 
arp coiivir^red T] ihe vi&ual tcrtex on the imflJwi surface oi the ocdpp- 
IdJ f-obe. 
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Audi lory Sv^lc-m: Cochlen 



NEUROPHYSIOLOGY 



4. Ml'MthrdiUius 
labpyrinlh wilhin 
hany Inihvnnrh 

Lpalh nl sound 



Cf>dite?iT duel 




Si'rnidrnikiT 
tan Ells 



Scald IV mpain 



B. Eeclian 
ihrOIEgH lum 
pf cachJtd 



Eflereni 



Arterent 
nerve flbecs 



Spiral garkRliun 

C. Spiral organ 
Di Ciiii 




Hdir celh 



.'i.'Lind ^vrndo^ OvjE wJrkdUw .inEKlii|iips 

Vlf^libuLlr jR&l^tn?r'!>) 
membiflnp 

Coc hiei] r duel i mjU media; 

cndolvrnphj 

- Tot 1 151 iill jnrmhrane 
Spiral li^ rntnl 
Bone 

Ouler haJr rrelU; - 60 mV 

fla^llsr membrjne 
Irimar Iwii i*tl; -dl^mV 



tKiori jj n)enUiiant 



^tiireocFlJd 




Gnnilar rnt'Tibiane 
SuppOrlinfl perils 
AffDreni ne rv» hbei^ 
E^len-nl nenve fiberi 
A> lw^|lHr ruernbiane niotc^ up, hairs ire dcl1ocrr>d oui^ard, t^jing 
depol-dnzatlonaf lulrcelkdrKi inrri-dw?d niin^ fi| nifli-reiil nerve Frbers 



Spiral pn;^iDr 






FiGURt 2.34 COCHIEAR fitCtPTOR^ 



ikf nH-hlea ircj-nwJu-TM iound in|G (■Ipcncfll ^igiiih. Iliis n accom- 
plished hy thp^iair cells, T-vhicfidepolan^e In rKftaJist En d ^r,iEirjh iil 
I he baiiliir Jiiembrjue. Thii'bj^ilir memljrane nniw« in r«pDnw[o 



pr«su((M"liriJkKr''.ii'i|Mr|Hil[>nihH(.t,iUvrndr>waf iheccchleain 
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NEUROPHYSrOLOCY 



Audtlory System: Pathw 



AriPlJ^dc area o-f 




dcciu!;ric ^tii3 

KcWcuhtinunawun 
Tripi-zdid hntly 
Inltr^nptli-jip ^couslic slrij 



FicuRF 2.35 AujJiiORV Pathwavs 

The ci]c-h(fi(i Ufln^djcoiiQundimioefet^riHriKignals. Amnsidnvey 
ihmc siEnal* lo ilvi: dunsfll jndvefirral cochlejF nuilck, whpreji \s 
[Dio(oi>ii.,j||y^ uFy^nizeri. FolJrt^ving j serifs ol irilegralpd rtl-iv piiEh- 
wdv^, lhe^»cendlJteprf1liA,^y prDjecls lathe Ihaldniublfiki-rljptl genpc 



Lilai?[Mi(|i«fiutdllinn Ihp(iccu^liccarteii|r>[tielran4wi-iwj d-vm^ni 
UiQ lemprjrjIlnJjE', where inlLirmal-iDn IS iDnolDpniallyreprewnlcd 
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Vi'^libular ^y&tom: R4>ci?ptors 



NEUROPHYSrOLOCY 



a[ti|ct>dilei]i 

VKHbiilfifochififlr n 
MAlrldt 

omdp 

c: DcliliTiir difcl 
IbceI^ media 




Sugenor scm^. 

Uli-UUHilMLll 
CfiblaE ^nltiin 

circiJlAr canal 

l'|Jll?Jin^^EI^^ 



UppaiilD w^ 

CplJtinrjU'^UiUjl,! 
[lalrlulli 
Hairt 




C Sntton nf m^culd 

OElaCinauB- alDlilhtc 

JHnir run 

tM |li I'l l*l '•T^^^"*^*''^ 

5i]iJ|H"ningcE'll5 
|laif*mpnr membf jnp 



klplfijilpjin 
S[ereo4.iNd 




O. Slnidur? ;ind knnrrvjllon 
of hjir ff lb 

KInQLJIiJir 



Halmellllvpi' l| 
^uplHinirtH •-i-^-' 

calyx 

EFIbrrnrnPTVE -W 

Rawnif flI 



Imr up\l Ihpf ni 

Siipporlinj; re|l 

Ellcrrni ncrvi: 
i'lHlir>i;5 

Af(E!rErrl hbivp 
Myellr'^hpjTh 



Mvf>]tfi ^Keal'i 



it 



Figure 2.36 Vfstibuur RECfPTOR^ 



TTie vHtibiiliiriippflrjIu^deieasmovtiiiemaiihelKrdd li» iltc: liirtii 
□I Vm-n and jpRuUr flc-:F!eialinn. This infr irnrahrjn i^ imporlainfar 
iUe cnn\in\ of cyt movGmenJs io l^iil ih*- rptina iah he pmvided 
^vtih d vh^ible^Hsudl iTHjfp Ir i% ilso irsiporiani for [he conirnJ ai |)f>s- 
lurc. The uirlTk' jn-d ■.ai:[:iil[" rpf,p^ind la \iiteo.r iicccleraiion, such m 
!hE puil or Biaviiy, The rhrttr bemkiFt-ular tjnalb drs aliped hj Ihat 



lliE- rfiiyuirtr rnrkvemem i>riS>e he^ can besenwd mall plaihc^ Hip 
spn&Diy hdir C9[l^ drf EncaT^d iri ihfiTidculd? Di IheLilHcle and sac- 
c(]le Ipanel A; hiRficr power viesv ol' |ht mjtuld K slw^riil |]-i(ii-l C), 
jn^iin l^<' i:riMin' wjlhm ciich amputlde ijHhe senncirnjlartfloals 
(panplA; hiKhei power VhewfU'lhi^riL'ira Unhiown m p-fcin'l Hi 
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NEUROPHYSIOLOGY 



V<^tibular Syilem: VL-slihulcjspin.il Tracts 



Et|(ll4lDI7 

efidingi — ^ — * — < — fc- 

lnhibiinry 

FndJnfi^ — 






Hiii\nl 



Dnrul 

IxnVtr 

(inib 



^^|]|D^ n^uran 
iconTralliriB 




MtdJil VHtibub 
ipinil Hbsn in nmfejl 



bHrrarnry 



Klfl^ll?^ 



£tlvJ'.,|l 



mLiK]["- 
|ijnh^"p:irr jiJ 



hibiTn rr[jFrin3culap 
r|l]dvFU[i4 >jiii1 Miriki ill I 






* Jo Jhktl hiUu-ln 



'f^flHrnfVnrliriB 
Liileinl ysLlihulLiipiniil UjlJ 



IrdirJuUjrviiili^meiifun 



firirainrvsvnipv 



• Tu i!'IcnHiJ niu'irli'h 



^ 






Figure 2.37 VESTinuLo^piNAr Thacis 



lienw>r¥ irrpur Ijnm Ihe vesLibulai ^ppdr^lu^ 1^ u-^ed to m^ntaln ila- 

ii'iMy diheheadandTQ majnlain balance and poslurr- Asehihehh- 
vey ^calibulur nk^rmEilJon la the y»IJl)ulHrriLJcli-L|nihf pon^, and 

fliE-n fiPCDndaiv axons dlwribuiK ihis iTriDmiinian la ftvL- slii-.. hpiriiil 



I Lird (riiii«lt conlroll, cc^telluin (jvermis), rpDcular [orrtiJllun (varrn 
ronji cciHw) Hvlr^ocuJar miscies, iiJid fiprlt'i (cnrunDlis perception? 

This fpfture show* onl-vlhtiipinjItordpjUiwayi, 
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Cij^tattiry iTiai^lt'f iy^teriL kt<.tplurs 



NEUROPHYSIOLOGY 



Ar fcmgiif 



3 Si^^lii^i^ 
trough 

VAllilte 

pjpillj 
TiLsip buds 

gustJlary 

FliilHr''i) 

Inland 



Epilhedun 
Bj^L'im:nl rncmbrane 




Lar^t nerve liber / y hj^eTH'ni 1|1l'^^^*^,l^F- 
Grnnulcs / Small nerve liber 

ln1ercHlLiE<irri[jace Lfligi." nrrvi- libi'r 



y hplirjihl^M 
Schwann cell 



D. Dfljfl of Idsit pore 



E. Df Ijil of bawif recpplor tell'^ 



^1^^ 

^-^-m 



Figure 2,38 Tasie RtcfproRS 



T,iH|i'i)ud& i]ik rhi' lonj^ur ri->,|Hiiid lovaiiQui, chtiniicjtiElfBiuli. Tjsip 
1 ellt, Ilk? neuriiFft, luiFnijIlv luvv j ncl n^i^livc i hnirgf mairn^Jlv ,|niJ 
lie EldpabhzEflbv^Einidi, ihusn^lcdsine ir^uKTirtlcrs lh:il di?poldrizo 



neurons con npc[t?d Id tfipl3slcci?lli A 5inBloCi5tc bud cjn le^po™! Id 
nirm? llLin imp irllniukih. TIk' Inili llddiririii^l la'nti*- cilLililil!^ Uul Jit 
«nM?d af c s^eet ully.murniind tntler 
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NEUROPHYSIOLOGY 



Gu^laliiry {Td^lc.-) Sysl(>m: Palhwa' 



Vi'filrdI pti^ltFEknilrli.il <VPM| 
nucleus allhdldriLis 

Sj'n'^niv tT*rle»'liu5[ below 
Laicnil hvpoihaldiiiicar^a 



Mc!,crn E-fJtdliL: 

rillllHLIS 

Molor nucleus 




Manilliirv n. 
M^ndibiildr n. 






HfKtnlpaTTDTnuck'U^ 
i]|iiuliljivlr-n-i 

ClnsM)ph.]:ryTiy^l (]X)n. 

/ 

Lower 
pDrl of 
ir^i'flulld 

Pflrn^d (iniVnrjr) 
ttiniglion cl 

lioHophjr'yngefli n, 

Nudiysejlnfimnr) 
^hgl Jon dI Vagus n. 



^1 






Ficujie2.J9 Tacte Patwww? 



DDpiciod here are Uie j]l&reni palhwiivii Jeading ncim the [j5Lg lecepior^ (o il»e br^ivsLL-Eibfiiiih ulliiHiiiiilv, "i iMi'M^ns-iry ( i)rlH*j in iHe posl' 
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Olfa>ri(>ry System: Receptors 



NEUROPHYSIOLOGY 



,Q|far(i>ry A, Di&rribulion 

hiilh of Chh'aOiirv 

epjthelluin 



Crihnffjnn plule 
l' ''ihmoid bone 




FiCUJIL 2.40 OUACTORV RlCCf^OR^ 



Thp wnsorv fcllt Ihaf r^ike up ihe r^lbclcN' epithclmm fcspocid (o n-.t, t-.u-, jlypii]',], pulnff. ^nd [Hin^ent ie^. vinepar, peppcrminij. 

odnran^ bv depulanzing. Like rasiehuds, an all jc [or^ Ltll -Cdn ^ecrelrun^lrom riic- aliaciory Riandi lB[JwmJ^■^ KlancJsj irinjrjdnr- 

r-^spnnd ro more thiin one odornni. Therp jff ^i* Renerot Ddorquali- anis .is well as reniovp [»ld (MJoranrs Ha HiflsneWicpnlsmavbe 

U^i [hai cjn bi' 4i'n>ed, lit trril, eihereal it.g , pejr*J, rru^y, [jmplior d^^cted. 
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NEUROPHVSrOLOCY 



OlGarttiry Sy»iltm: P.ilhway 



:1s 



Z ( EfTererC Hhers 
^Cprrlniuln.fllN'.J 



and inhlbilinii lu rrnTrul 




Fibers rromconiTijIaicrELlolfaciory bulb 

F4wn Eq mnlTdbttrdl olf^c [arv faulb 



Medial otf.irlory ilrid 

QMi^ciary iri gcini^ and 
nlfadni-y hiberfJf 

.Vil£-riDf porlcN-dlod 
HiiliiiHrhi f 

Lncral olf acioi v 
hirid 

Lalprjl olf jctory 
'I^Cl fiLDclcus 



— - H' inform lobe 



Uncus 



I III phaiKonl 

Lnlcrfhlnjl arej 



QlldclDrV [:-piLh«ltuin 
Oifjctcfy nerv» 

ClfdCLtiiy buUi 



t JUacrorv iraci 

Anlerinr nlldclnry nudeu^ 

Cnbrilorm plaip al eihmald hen? 



4k 






Figure 2.41 Oifactorv Pathway 



OUacl-oryiHrnulUre deircled by f he nyrvy libi'is ol ihu ollattnty 

epilheilum and minveved lo rl^e olfjulorv bulb Ideralled lociil cir- 
tiirtrv shifivn in uppn li"M pJndj |^l^^|^^bllpd ^ipJiiil^ tWH^ rlldn^ ihi^ 
nlldclGiV tr^cl^nd cenlidllv d^vtrgi! Id pas« Id the anrenor cunnni^ 



surr (somp plfr-rj-nl pTDitcHanb murfic lea llip t rmiraliitrrdl dlflLlntv 

bulb, blue lines) or [ermmale ir* ihe ipsilateral olfatiory trigone (olfeo 
(iirv lulJWrdt^ AiiJnS (lipn prD|W.I \\} IHp primJrv rtllddcfry turlei 
{piriform cQrEeHj, e^[Drh]^^l corlEV, ^nd amvg'ddl.] 
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MUSCLE PHYSIOLOGY 



Sk^flclal Musrie: Or^^inizdlion 



:4uciei 



Basemen f merifbrane 



-^i\«)reniJTij 




Tm>clini«iulnn^l whenia 
OEijiTUiiliiiiipnls.Thiee- 






V/ ^/ 



Figure 3.1 OrCiAmization of Suf lctai Muscie 



5kele[dlnii£^dHi!ispeciaK7«1for ^lujiiaiVFTirpvFineiiL Hn>rinj'.<li' 
fibtrls d n>ut[lnudedqt.'d ci-U ihjlcorxarns tiic CQj»»HH(ilpp|tnienl^, 

Mlleri jnyDiHrfmcm!. TTip myoiiil.sjru.Tir^ sn? r'r^nl?ed m mvofiluili, 
^Jlhin tficfjbcf. CJr<iii|i>i(i|iTH]Kle Fibers aroDTganufdinit^nu^de 



lascicles, wliiLJ> in liirn jrp i^Dupcd lo Jurrii ii rilm'ide Ihe re&iiljf 
jfrangtment ofihe niyoiibiJl.'. jiJvf s ^k(^letfl[ muicle i mated Lippear- 
ance -under iht niki-nnrnife. 
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Skelelal Muscle: Sarcoplasmic Relkulum 



MUSCLE PHYSIOLOGY 



eridrgfd to ^how sarcopldsinic 
B-lmclure-i anif fiifluslbh^ 



Transverse IT! fubiile 



' Triad 



Zbdud 




ib^nd 



Nuclnis 

Golgi app^iilu^ 

SaixDpld'pni 

I 



^ruiMuMid 



FiGimt 3.2 SahcOplaswic Rfticuium 



Ihies^riopldsnilc n-QcuJUTH lorms jn c\ahor^lc ni>l%vcjrk. wiLhin |hi' 
li^lt jiilI It ihii ^tiFrrtW silE' U» rnlr-npllifldi rj-"-Thf varrnplasmit 
r^ri(-iJli(rTn;'jniain^Ca-"' thiinnel5, Ca" ATFa&e, d;>d Ihc Jow-jJlinltv 
C a"-lilndiMg [jri^lidn t-il5emit?'-lrinr Tian^verpic- nibules <T lubKil«f 
invd^njle IrDm the iatcolemm^ [pl.34nu rntiribr.irkKhand a^^ucijlc 



with Iwd drrmindl ci^lemaeifhliP Hrcopla*mJt reliculum MhaJX 
Pepcid ri/jTl4in uf ihr^ mii^clc ^^rcalpmrrij Ir^v^k down iho T rutiitl94 
jfiikduiitraCi"" release liom ihe HncoplafTnic renculum (^ee Finure 

3,3J, 
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MUSCLE PHYSIOLOGY 



likclelal Mustk': ExciH^ilioii-Conlrdtliiin Coupling I 






Thick 
ntdineiLl 






ZiMwid 



Stircopliumic 
leticirlum 



S3fH:(ilcriuri-> 




ftrpcjliini 



Tmnaverse [T) 



Terminal cislein ~ ^ + 
of ^amopb^ink 
reilculuni' 






+ TT- 




Elct:lri( iniimlselraveliniialciiigmy^dpcellntenihiafwlWrCOk^ninialfrQin notrir endplale 
[nPuramuKubriuiHliunfjrdllien jbna &jn&vy'&et[ihul« aflecrs^aitOpUmicrebculurn. 
rau:^n6e<irLisior>«(Ca'* to rniKaienmrrdLihun by- "rtn/nnR'' ai:ininiil tross ttrldne*, sDding 






Figure 3.3 EKcn-Anofj-CoNiR action Coupling 



rniiiubiP^ froni motor nturoni releaw aceryldhilkiH ijAOii A| Ihe ncu 

romuKiilar jurdiun. The ACh ^ecl^]1L^TH^ lln? pkisma mcmbrjrK' o( 
[he muyilp fiber i% j i^liofi f hjnnel ihjl opyn^ wJkfn rl twndji ALfi. Ac 
c>L[raceJlul jr Nd ' i^niers die ccIIiIuoijkIi iNf i-atlon channel ihe mem- 
liraive depobrizcj JiicJ Jn di linpi larrlenliaf Is e*'J"^^|'JI*-'*J. The dcrion 
poieniiiil ■,|]rL,iii^Him',y|he irbcf and |r jvcli down HJ&-ifllj£ed mvfl^ 



linnio ihf-i:t<Fniiniil(iiiieirMCDiilH:bdriEP|]l,i'.niii-rpTvxA^ 

lh*ipread]BiRv.j\i'cjl[li-|.j[p|rfri/,irnin.ibnR[lieT iubiif<-ca^ '.- 
reJeaselnirn ihp SR. Olher repcrnsonhEFSR jUo conli*] Cj- --'"• 
*hrrh wrv«io rapidly rc!i<^urnjliilelhertlejwdO' «da«* 
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SLplelal Muscle: ExcFtation-ConLrndion Coupling II 



MUSCLE PHYSrOLOCY 




Duifru! muHtle connaclicn. (Inn llbitiniL^ult-dElk myuiibnt ilide deeply 
beL'ivi»er](liirkfi|[imcnl^ brinsins^bdiHJsi.lLi'ii'rlct^E'rlieTflnrf^lanncnin^ 
5dfCQm9rt^. A hLind^ ;emim jiirrc widlh, l»ul I l>riinJMUi"ii>iA''-iJ. N /[jhh also 
njrruwy[iur(lr^ap]ieni"J5lhinfiljnn:n[sei)a<Mrfniri(jriEhpni. Myn^ih^l^,■^nf^ 
cuiiif-quenlly muirle nber^ Imusdc cell*], [d^nJEJiL':. anrimusclp ci.'' win hie 
grow Ihd'ker. Diinna reiaRitor, ri?vcrw occurs 



i^nj 



Figure J,4 Muscif CorvrnAaioN and RbLAXAnuN 



fhc^ii^ngflflhr flflinflnrfmvn'iinlltiinierlspadanp jnotfiprrffiul[Gliii[Bf[rjalon. Thisffadingiicrkini^lfiL'ri'biih ri1]hi?(vdlK3Jhiririin|i,froB 

bridpt' lorrnsliofl] *n flctm And mvosln. 
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MUSCLE PHYSIOLOGY 



Skeletal Mui^de: Evdldtlcin-Conlraclion Coupling III 



\ctin TlrJ|]nrain 



A nen niuleuili- ul ATP hinck td 

ih^rryo^ln lii-.iil, L^u^rnK II tit 
rt?|caie \hiim rhu' .jl |ln m^pN-fUJi-. 
PdEtiiil h> dioljTii^ ol llii^ MP 
tADV -Pi|wil|-rtnnik''ilii. 

rTLVo^in houd and ^ircKJu^ [■ :] 
hiRh-jflJniiv bindiik^^itii loF4iE,iin 

irCii^* lovfiiE Ai^ «Lij ^i^dtf <[. 

ihecro^s bridfithvill quiiJJy 
relitrnt, l^u^iii v, lurlher ^lidiig uf 
ihearlln .incl nLyo^n llldr]|(>ibb 
|]fl^r eiich (Pilier KCj''* Ii* iiu 
lon^ei elevdlcd, thi: iriubdi: 
relaltos 



«T 




r«l, ATPlnjKJilnrnyc^iFnhpari 
Ijroup^ and It pjrLiaJly hydntlyrod Tn 
produce ^ hlfjv^nlnily h^FlrJinr^ ^Plt 
rm .icimomhc mywin hi'Jd^'fuifi 
Hfjwtver, iht htid giuupL j^hlpE 
ikHeEbecau^F ui the blunkiny i>r ihn 
iirlin bi mdinK ^ilr^ by irEppomyEt-jfi. 
Noie;Rt;dalDrt:ihliuwiii»ii,unir])4dl 
nnlyonc cross brJdnt. Iml a^ini" 
proline Ijkotpljfrfjl jII ui itujm 
CEU^sbridpc!^ 



'.a' fdi-^gfd Itom ';arrnplti5rT>ic 

pijLL-midl llUlds Ll> IrLJjsthmn. c[iLi5lnti 
lkJ[>ullbVOSIIl lirlrlilVf ,ini| if\[]'>!i? 
(Iif rMyuT.rM hiiiiliji|ji,rr(i un \hp ^nlm 
rnult'Liili:. Tl iL' Ljubh ^jnd^ ■>> 
(ornirtl 



head flexeb, unil ihe myosin and 

^LUn liUji itnlii blidi^ pn^l ? jcli olficr 






Figure 3.S Biochemical MitHANttbi up Muscle Co.s™ action 



Tlu^tiFnlrarHnn nl Ihe my"fikin>enb results Irom [hi^lnTpr^cHDri of 

jctn end rnyo^in, In [he reslinitstdMf, inv"'Jr '■• iirHv-nicrl friun inler 
^clrna ^ith jctin bocau^D tliL* ruiuiijtLiry pralern liopnnLVd^ii UWJ- 

[ieiBKrinvLiin-biniUngHdrEBiiiirh^jcirnfilanienL WfienCa" it. 
r[?|L>irt[?pJ fritrnthr SR, ll hind5- iridnnrher re^l Jl4:iry prolfin, Irti- 



ponip. Tropnoln i^ i:hai-ly dUrfKiaifffJ nnlh irr>p^ni-y0^nH and when ll 
binds Cj' ■ , ll iiniLfrr^ri en conicEmnilidnal change l^la[lllt^vp'l iht 
Utir)OmV43'un:inri^pD«KTlicmvd&nbindkrt^(]1<-9nn1hFddlnFi]d- 

menl. 



Musdu: Lt'n^lh-Tonsiiiin Rpliilion^hip 
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in Sirr irf Mirim UnH 

MindFS rhfll p-rFfirrn flue "TiaverTienis 
(e-E-, JJngpPiiuid eye*} 







Lir^c rpoloc \ip'ns: 



Motor 



tvnfUJtion of Mu^le Re^pon^o ^llh Proiire&^IVL' FrtqiLi^ncy o| >i1Jniuldlinn 



.Muicle response 






MuhIv ILen^h-iMutd« Tfnsiofi Rclalionihlp 

Mu^li^ »^rL-jily<'(PriirdLk'<l. TtiK k fpl^mpni 

Crtriipn-s^ed Ihirivui'ii ^ J]dnd^-"F3iin 

lildrrtenb ll>r<Tlcin Wllh onr- anaihur-Wpry 

Ulllc or no icnilon dcvolafu Qji&llmiiblTan 

MLi«lt HDPtTdclcd, bul Ieu ih jn jbavE: 

Ttim ni^menb panlally overlap. Lass rh^n 
rr^xintdl Ufn^ion dfivelop^ aniiUPiiLibliiin 

Muscle a[ reslin^ Icn^. Afl or tnail 

cross bndg-e^ erfectiue Maximal lensiofi 

develops cirsliniiiCalion 

Mi]5dest[i*ic^pil|[j5omcp\|pnT. 

FewpF cross bridges elfecTive, Le^^ 

Eension dcvdops en -.HmLjIdlli^n 

M j^cleRreDdvilielclicd. Few ormn 
cnj55 bridf]e5 effective- Minimal a; 
nil rension develops on sUmuhDon 




I \L 



'mn — nm. 



I ^¥ 



SdiLomere jenfif h fjtm) 



'»IM 



Figure J,t. Gwading of Muscii Tension and Iength-Tensjon Relatjon^hip 



the laice at \1i15m11 gererited by skelelal nuscJetJn vary by sgv- 
criil Fn^clianisfTTS. Rrsl, morernofor unjl^ [211 Iji- rL'LnjilE-d. As shawn 
nlhe upper pdEicI, a motor unJ[ri:p4C:tt:n4^(ilJ (he mu^dc Jjbpn 
nneivaietf Ijv a ■',iit^\f: iTiLfiur riEiurcfri I he fiong ot mote n»oror neii 
rDjKWill rp-'iuH iBi fhi- rnnlr^clinn ni a knger numbef 
nE malar u*iit5 and [heiebv Rcnerjie more lensPon liy the imjsck'. 
Secnnd, rhe frequency of ^lin>utation OEJurgJi? mu^'l? fdjez can 
IncrcawLhe Li:niiOM dfwUiJ|Jiid iiy Ihrti lihtr Tht-^iinifenv called 



iJirmnflllnn, ifihown In ihe middle p^nel and resulJs imm ll>e sus' 
[airipri elewnilmn o^ Fnlraceliular ; fla" I ihat results from liifllilif 
nuencv ^.nmirlAlion Fin,-\\i\, lhi?l<:iiuoneE?neriited by dsiris^lelwilrii 
vanes as a lunclicrol ^arrrjmrip LmKlb, AsshoAn rn Ihe In^er 
panel, Ihetlfegitfe -jioyeriw "I ^elHln and thick filament varies js 
i3 luni liipfi i>r ^fln 'Pnri-re len ^ih Thrs in lirrn affects rtie n-umbcr of 
cnn^ bndge^ lonned and thus lension develofied 
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C^rdi^L Mu^uli?: ^Iriidiir? 



Fihrublfl'.r 



LollDtji^r 



Capllkry 



Myoiibrib 



F-iber 




5j'copl,i*inic 
rtliciiluJil 

IrTErczjhlefl diBC 

^dlt'OfllaaPlI 
l*^noL■vlollc vewdci 

MyulibrdI 

ITiln llknitn) 

IJinrlKfllaiTuznl 

Figure 37 Schema or SinuauKE op Cahdiac Muscif 



it 



CoFdidc mB]scle„ tike ^Iwlelji niuMle, ^ ^lnafi"f| m dpiiesfflnce, r^tlccT 
mglhepr&5iinc<ioirii(-iegE]lsrlVfln3n|ied jcllnandmytftin Jllj- 
nwnL'T. Cardiiic mu^dp fiher> .ire branclied and i?lQ(:lnciillv<"unl«i 
10 one jnoihci by ^ap juricrion^, wdiih jrp ltitim:(f |rnhe mierca- 
laled disi.''. Tin- pliasnii mpmLtrdin'^ nl ihe c.irdi.ic cp[l mivocylej con- 
1 Jin^ Ifflnsverw ^^lTubLllff5^lketktloTal^Tlu»^^l'-Hl^w('^■Fr, Ihp vir- 
ccjpldsmlc rL-liculiinp 1^ Fiuldh i-EaliitrslE- ^^ in ^kelelnl mu^de, and 
dyids lialficr Ehan Ipfjds) are formed between llii' TlLi[mli-', and ^^r- 
t'jpld.'iniic r^lK'.ulkim. 

EntrEaiion-canirariiiin-iiPUnlinnincuriJiflc muscle r.s ?,nnllar rurfirfi 
ul^kr^lcl.ilrru'K.'l'^, A^UIfiepriNCfti^jriffrM^pid^ [fHui^tNin ^nd 



cyflinft. AllhouaN EnlraviHIiilar Ca-* levsk rundctl conlratiion in bolh 
bkiili-tdl Hnd rnirdijc musde, ihew jfCHMnc imprvi^nr cfifltirdntes- 
blctielal muscle can[f JullGn Jidi'pi-iicJLnl un tbf ■pLedsc nrd" frtim 
iheiartupJasniit reurulum, unri chflnsKlneiCiicelliiliirlL'fl-'Ido nol 
ippreti-ibfy alicr ihe 5-irpnpjh nl ilit *kcFfCdl jnu-idi' [Uiirrdciinn In 
tcinlraslCi ' iTlryinlo iht eanlrji" mycitvie rtom the p^traciellNiir 
iliDtd r<, rnjcusanry \rti ihe reUeise olCa-'" from iheuicoplj^mic reiicu- 
rirrn, zirari remrjvnl of CMracollulaf Ci' ' wil! dlK'ri-HJ.ff Ihefnrcp nfcon- 
HGCliQn. The rdtr ririil lurri- nl rifniMi Imnofrardiac myucylcitan J)t 

^Adrei>ersic3aoni5ls du rufl h(i\r ll»ese effect* on sMeDtm^iide. 
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S^MK)4h Mu^cIf: Structure 
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Cflvt<rffle 







|. Pcrhim 



FfcuHE 3-3 Smooth Muscle S-TRutruRt 



MyoJlbrilE arc nor found In imocnh rniivle ie\h In^Piid "Hlfn fila- 

niynli, dre drbLlH>TK(r Lej ih^ ]hlii^ni;i mtmbMne and lo dertsc bodli?^ 
-inhin Ihp r>-inn'i'S''L W^'OEin interiicrinn wirh \Ue ,iciii> rilanienEs 
cju=.ei Ihe cell Eo contrud. SmoolJi muscle cells dtt innt ^l]lHdl^ 
TiLibutes Instead, caveol^p wr\'t ^ simjUf lundioji and aie s ^i\^ Iqi 



enlrv nlpmi^relfuLir Ca-'" inio The cell Smuolli muscle ^pfvl'^ j ^vliJe 
ron^r? qI runcTiDns, c\i!r\ wirh^n ihv ^ami? nr^n, And is rap^lp nl 
chanRifRilLmarplinloj'ya'iiin'umHlUni-e'i demand <e.R., hvperlro- 
pliVr <Sr In In'Jninres vvliprp rhp nuFnheF nf gap Jiinclinn* change). 
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imoorh Muscle: Excitation-Con I racliiin CiiuplinR 



Cdluum InlluLdnd Plirrfph^tryfjliDil 

■ ^^ CdltMCkduHn 
C.1-' 




Cunlracliun Cyde 



LdlEh SUIe 




Ca-cddrFiodijIin 



ADP -p^^V* 

ATP AOf 

^ilc[]hoq>JifiE- 







■UcKflfliE" 



S- P«rhJns 

Mi, MF* 
SI 






Figure 3.9 ExcnATioN-CtjrjTR action Coupung of Smooth Mi^scle 



I 



FHlrhe^^^accllulaf(:J-' s>rid^.(i,^- relMse irom Uie sjicuola^mic rcUc- 
Nlum rt'jmliile 'imoDfli mu^p rorilrdtilcn. Al lirah inlr^Lcilnl^r 
|Cj-''|, myQ^LH ilghwhain trna^c unvi^'i"! dnirfM^i (ili'i^tihjrvlatei 
rpyasirt, which i]llov^«dcEiiMri4Jr|iy4mn loin Ei!Tacr.TliLj^1i[lin^cf 
flcUn pasi inyMirr in ihe conoacnon phase i^ jiJrrilef ft* ihai uF iltelo- 



id mirick'. Ai bnn a^ ihe iniracdliilar |Ca'"'| lihiuli ihM.nnlFjfllnn 
cycle conliiiue-u DeiphosphDrytarHan almymin by myosin phospho- 
rvb^eivhenh i^ .itlJiJir-cI Lrh ji |in ^luw^ [hp cor^ETJcimn cydcr fefld- 
inji [u iliL' Irfif-li ^tflte (I.e., lomt i:ontFm,[iun wrih-nui hvcliulv^ dI 
ATPl, 



GZ 



Fxiitalion-Contractiun Coupling 
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OUn JJ COMPAHISION Of MUSCLE STRLCTURi AND FUNOIOS 





SLeleldl MuhIc 


Cdntiiic Muscle 


^■UDDlh ^^UKle 


Staurhm 








MDiphDli?tiy 


lonp, cyliindrnal 


Branthed 


Spindle or fysilunn 


Nudei 


poriphor^dy 


Orie (sorneltniM iwoh. 


Qnt. I[>cdted cenlriilly 


Sarcthmerc 


Yesi stridled ^i^ucm 


Ycsi quisled pdElc^m 


hJD 


T lubulos 


Ve; /ormi mad vj'ah 
%iirrcjplii-iniij- rctH^jlufTi 


YM- larrrs dyad wilh 

'wi^ll]q)l|3^^li(' rr'lii Ljlurn 


No, cavcoldo 


Her intal rnupiN "' teil^ 


Nu 


conlalit nap iLitCtlons 


Yra; MM fum'lliin?! 


RcBDfliefddon 


Ycs'. via sjiellEic c^ 


No 


Ves 


Mrcfib 


No 


Na 


re^ 


PirvnolDKV 








E«liacelluljrCa-' requijcd 
iorcutilrdL'lJCjr 


No 


Ve5 


Vh 


(ormalian 


da" binding ro riuponm 


Cj' Ijincljiip. If) Ifoponir 


Ca"-cdliiiodufjr.3c]jvdriaji af 

of mywin 


ConiTDl of contracnor 


Mowmwtwim 


ALJTonoanic ricrvi?^. 


■^Lilonomic nerves: hormones 


incfp^sed ^QmLilLis itnquiyncy 


Ve^ 


N[/ 


Yes 




¥« 


Vp5 


V« 



\ldi(M dir[crpncciiinilfucli]rcandlLinc!ionotskGJe<Gl, carcfuc, jnd ^moolTi muscle ,^rp incTicled. 

'Cdnhiif miTKc'Ei-Erfiiriur IkE^ Eci.irnji'd, Liul Jhci i^3|c^!ofcl)f\tIn:^\ltr\ wiH ir]i:'CiisL'.ii hl^i^rniulus IffiutiKy becau^iti tri-tn InHT^sp in ipiTracifl- 

- 'ir ^tj''!, J phenomcron l-ermed "Tirppe." 
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QuTvitvt 01 Ihc Cardioviiscular S\slem 



Vi»liiini> niilnbuli-iin 



Distribulio-n of Vascular Re&i^Linci? 



and arlr-nulps 

1fl%f 




loffli pressure 

(reservoir Funcinjn 



|, Perkins 



FiciURE 4.1 Cardiovascular System OvERVitw 



The c3rdiova5i:Liliir5V5lem consists or Ihe heart, wliich pumps hlood 
iniu rhc |Jii|iFnirtiiiY 4..iiiuUlJun litr i\\f em hfln ji<^ !>[ O. <v»l CO. nnd 
rnlu ihe w^lertiic crrcularroit lo supply ^11 crEhi^r Ii^&u9« nElh^bDiEv. 
At lesl, cardwt culpul i!i spptoMrnately 5 Umln Fn both ihc pul 
monary dn<l ^vli-mn" firmilafioni. TTnuamciunl uf blood ftowlQ] la^ 
i poro?nljgea[ cardijcaulpul) JiiditJjiivt pE^fa-riE.kstc'Jilmy^E^n 
mUiiiilion perminule lVl>]) Ini'dnoLis organ *iyslerns fcs sliGvwn iorlhe 



re.«llnH «r^[e. Tlie svslr?nirc ii'liL'uLliEpn 1^ jrrjiij^tHd In a \iit3i\v\ Ijsltkun 
flii.irn, heart, g.i^triHnK^linal Iracl, elt ]. Jta^ed an metabolic nted 
a.r\d QpmjnD, imlh Q iinri Vci. mny bt adfuMed- Al onv f>ne tfme, 
mGsi or ihc bkHDd voluriK' rr!^dr^ m |hi-vijln^1fi4''H^) ami is rcilnprunl 
to ihc riRln side d[ ibe bean. Va^ailjr re^jslanre \f piirm-rltva fjnc- 
UJJO of l(w* ^riuill riiJi'j nbr nrrHni-^ jnd arrtnule'i. 
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Bud> Fluid Cumportmetils 
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|. Perkins 
HI 



Figure 4.2 Body Flujd Compaktmenik 



Talalbodv waler (rjIculali'H (nr a 50-kR (iiiJiviiludf) ii divided [n\he 
(ild^ma mfmbraneaf cell& in[u iwci tLtntpjriiniijii^: inrrjCE'llLitdr Huid 
and EKbiiifAluia' Hijld. The c^tillbry WaW subdivides ihi? f^ntT^cellular 



fluid FntLi plasma (within b[r>Did vessels) and IjKer^titicil fluid. The inter- 
^Ual fluid includes noionl^' tttu flitjd SLLrr{iLi|ii4iiig ci;ll^ \M da? fluid 
In bone and deme cc>ni>eclivp tissut?. 
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Slrutture i>t the H- 



Milral vaive 



Ahci"nri|ng ail";! 
L. cusp 



Anionar (^aiitc) cusp 






riilmiiiiidrv 



Orllictt qF cfimriiirv arler'ies 
R .luricbe 




L.C1E&J1 1 

?AorQc valve 
R e:li«[>| 



OuttIqw 10 
pirlmonjrv nunk 

.irlLiiirjiJjs 



p^pill^ry 



iTdbDCUEj 



ft ^L'nlricip 

li jnlDriDi papilla rv muscEe iluI I 

K. posic-rior pjpill jry muflcfcr 



I, venlricte 



Plane nf vction 



f icuw 4.3 STKUaUKE i^F Heaut 



Thi^ interior \iew oHhe hear! *liow* iHfoiiriiharTibert^vjilve^, itnd 
sep:^ ThprlEJiiiidealrHe hean rtceives blood nan> ihe sy^[ejnic: 
dFHuLihon and pump^ iljiilo ihe puliikifijrv rrnul'illlJJk Tlii- Fcrl sicEe 
of rhehtari receives tilcMSiJ teiurnini^frurn the pulmonir| tirculalitFn 



and pum[B ii Inio ihe sv^ipmJ" 1 1" ulaliun. The wtwk of the left ventn- 
ife is 4BnmtanllvBrtaterthflmhaiDfihc right venirkle.aneHtiwaJb 
ore correspDndjnalT m\j(h tHcket. 
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CMidudEon System of rhe H«arl 
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A.KiGhnrde 



Superipr Venn cava 



Anlcricff" 
miemndal iracr 

.Mirfritn 

lrt[enii)dal rraci 
'■|3ypii5&' fibtTS 



Acce5«jrv bundle 
ni Kerr 

Inferiffrvenflcava 



Anniilus of Uicit^pid v^lve 



Pjrj.'^pL-dnc fibers of M^haim 



Lufl bundle br^ncN 



AnieiiTDr p^pillaiv 
muscle 



Purklnie fibei^ 



mjscle 



AorM 




Alriovcnlricul^ , 

^ > Membranoui wpuim 
lnlervenljiailiir 

Pufmtfpnarv ualwe 

Atnouenmeular (AVI node 

rnmnnir AVliLiiiille(Hi!i) 

\l\%h\ liuikdie bunch 

Puri; I nje fibers 

M-^derJlur hand 

AnioriorpDpillafv 



'^Mi^' 




Aorta 

PulmiHurv rrund 
iiupcnor Vena cjva 

&icbnvnfi'« bundle 



R. puimtin vy v^lns 

Mllrjl valvD (cul away) 



Muscuhr InlervenTrloJur 

wprum 



FJCURt 4.4 AnATOMV Of THE SPtClALIZEO CONOMaiON SVSIEM 



Tjrdiitc rnusrie nribRhpflrlnws[|>niihvofonrs;lht!frFnljat[ilc- 

mvociirdhijm Dnd specialized t(jndiii:lir»| fpl^ llinl fki i'<\ ffnusfl 
b(]l du spreiid ihe wjve uf depol.inz.ilmn rapirHy ihinughnul (lie 
[hHinl]i-i»i]| Ihi- htarl, Af-imn poLennaS^ are fniluled In tiip linoairr;]! 
lSai rwdc. wliicb server ds ihf- "pdi:4-mjk<>r~ of ifiehe>arL Impulses 



arc -conveyed ro the Jlnovermrculdr lAVj node iin^S ihpn 10 ihi; iiPihrn- 

mcm AV thindlo (af Hi4j. Rom Itere, <he jclion pnlenlul *pread^ 
r^pidlv lhrr*u^hlliq vti^tijdiavia W^i^ r^j^t and If IT buiidlf br^inchf ^ 
and PuTVinle "fiber ■astelu 
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ElcUrital Activity of ihf He 




AtltimPDlenlidiofSA NadtCeJb 






0- 



-ti^- 




Onlwaid 



tonic 




Inward 



AcliDBi roteniUi of Vi-niricgla/ MyotylH 

I 2 



P»fen|i,j| 

(mVh 



li>n|c 
currenb 




Oulwaid 



FiCtIHE 4.5 EUORICAL ACTIVI TV UF IHi H£AHT 



The floimdpumpnKo' blood ilirLhUjfh ihpchitrrbeFiafihDhejjT 
iequiFe^rSieprfci«-lv'irrii-[f '.[tredd ol jction po[eiilidk Utr-ju^H ihe 
he,irf ^conduticilfn sy^le-m and [healrUl dricJ vi-nlrkular muscle. The 
rdiL- dJ rhe he^^lbeal IS ^1 bv sponrpneousiy jenerjieri dLlion [f-iipn- 
Hal^in the tcfli of iKl' SA nndPrThe Irequer-cy d SArtcide ^ictan 
paleriiidlv NrE-j^uLiterfhy Jie juronafint nprvoui svslejii Symyj- 
ihein sfrmuljiionoiTheSAniidi'intreawii, IpnifcopBllv Na' currenrj 
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and r^j-, which ctepofan^ei, Th* celL andthwtbv iiHicases J he heifr: 
rale rafiKympiiUielicstimuldiion pnLrE-.i^i^ i, , whiidi hypeipobfize- 
ihrrHliinrl [hereby docfE■a&l!^ ihehearl rile. Thevi!HlniL]ldrJnu>.i I' 
acDonpoiiznfial Jiai, (I prolonged depulariziLlQiiphiisere^ullinBlrDr'" 
Ca- ' irrliifc. Thi'v lf>ny plaleau pbisn pft-verts lelany o( carJiaL mu* 
trie ill "vecv high JiMrl rjiyv 



I 



EletfrACardic^gram: I 



CARDIOVASCULAR PHYSrOLOCV 



NnrnrdI Spqvcncc olCjrdfjc Dt^pnhrtz jliiin jnif Ri'pEi1ari/A]i-»n 
and Uerrv3Ei<m ol ECG 



A. Impulw oriitiii and alriil 
depolui kalian 
linpul^LiM|;rridlt»h dl SA n'ldr^, and 

WJVL- III tiepolflrifalrnn ipreads uvei 
jlfi^, rcMhlting InefectritjIvpclDJ 
diietledilifwnwrhrddn^JNiIefLThis 

ciiuspsiipiArjr[ll[Hf^i1iv['^il<'fletiiin in 
ECG Ir JLirtg in li?3«ly 1 and aVf iJ= wavoi 

SAnode 



-ii- 





IC4-HI1 1 1 iinl vfi'lnr 
activity 



"-^■(1 



B. Sepldl depdhrijr Allien 

AllPi JiriE'E [li-lniyuL AV node. Impulse 
iMvi^rvi, eitmmon bundle oB His and rmhl 
and Iti"! bundle tjrikrtht-idnd:Fitntnief?i 
inlorvpmricubr'^iVlLirTi, <-nihinfiniyni-flrdijl 
drp(itan?dhfin wiih ^pi.lncjl vector 
qlirri-ipd (j.1 nyhlan-ri dij-wn^ard Thisfesulti 
rn ^thjO neRjlrveMtiwn^jrHldi'i!(:<(j<">ln 
le.id I I'J wavD-^ and pa^iUv^ ^upi^'iird) 
defl&Llicirtin li-dflnVF^R yiivei 



y 



l'LM.jjJiiii;H!-;i^4]f 
J?,id I ihpriionlflf, 

naht m left) 



Wecondlnp axis of 
lead aVF (v^rEical, 
downward) 



tn.id aVF 






P 

^ 


LeadI 




' 


Or- 


JL 


*"'" 1 '^ff 




Rt^ultanrveclor 

of elcc rnfdl 
aclivjty 



AVnode 



tIomniQ]> btindJi] 
ufHrs 



Hij^r and left 
blinrJIe brannbi 




li(^CHD'dllkg.3U4llJ 

It^dd 1 {hiarlziinlal, 
npFit ID leFl) 



R«:nidijiK;4mrjl 

lead jVr <vi^nn-,il, 
drhwrwflFd) 

Lead aVF 







FlCLIHE 4.6 CAHDjAr DFPfllAHIZATION AND RePOIAHIZATION PART 1 



nit elcmtnf'ioFllw^eleirriucardrtiRTarnfECQ are ^lown En I hprw!^) 
ihree Iirujcs. BealnnlriK ijvII^ ifu- SA ihnJh (iwc-nmiilipr), depof^in^a- 
mtn 'iinrridsfivulhcaBna, rriiif'iiiiEiin upward dcflocdori ill tht'fCG 
ffaanp (H wavcl ipancl A). Thi: -Icjlfly ai iht rtV nnde ensures rhal ihe 
■.(^ndlck'ii wil! hnive ample 1i"melr> nil, and then ihe inipulw t^afi^'. 



ihinufih (He hiindfe thf His and the buiidl9 t»rani:h^ n-f ihe fnlerven- 
incular wpium. The rp^uliijui depolariztitian oi rhe nivmafdiunior 
ihE^eplum yields Ihe Q i^ave Dllhi- tCG ir Jung (p jBieJ B f. 
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Elect roca rdiogram : 



r^itrrndl *kdquHiM.e of r^rdiat Di-piildri/allirn and R^p»l*nralicin 
and p?fi\BliDn gi" ECC ii.i?ni|nu^'ii 

C. Apk'dl dnd e^rty ventricular depohrizition 
ImpjLsecDnnnuei ^lon^ Hrondimtion ^ysEGni, causing 
iltpol Ji i^dijon bldplcal ^'i^iiLcn nUr myin .inliuin ^irli 

ip^|[^ n liiE^F [in^ilive liipwjiidl deflection ^K wavet 





Kc^ullanlveclDr 
oi oltciriciil 

H3<'1ivilV 



□. Lalip venUimldr dgpDlaiiraiion 

As dtsJoUr I ^d 1 1(1 n I )F [jgrE?s!it^ c^v<^r v^nrride^. veciur 
shEfKIn becam^dlrecLed^ugenitrlv,!* well as Id left, 
lhu5 exlcixdinti upward K ivavc in Ic^d I jnd cjusin^ 
rLcgaii^ieidohvih^aidideJliifiiLiri {S w^v^) \n ItjdjVF 

PurHnpe fibers 




Kesurunt vector 
i]f electrical 
i^lIivi^Y 



' Recording hsm Df 
rit^dOleftl 



■ Riicorrijn]" flxi^ of 
le,-id jVF ivemcfll 
riuwr>wjrd) 



Lead dVF 




lead r 1 hciiizcrnlul, 
riEhl ID leill 

_^,^ Kecordlnfl avi of 
^-"""^ lead jVh ivcfLcaL 
ijiiwnwardi 

te^djVF 




4 












FjGLRE 4.7 CaRDJAC DEPOLARIZAI^OfV ANO REPOLARIZATION PART 2 



Etc con»[rii][?d A* the apex ul llu' ufTilrirle^ tXirlU'atlb, A Ijr^e 
Upward pD5iti"ve deflecron ol the trjcir>R yie^* ^^ R wave of the 
ECC (pdn(>lc:Mhoiiih«HiAV(!pidc|iirUrf»|prin^pipad5lhrciu|ili 



Ihe veni rfcijLar *iiHs, tau^na T^le 5 *ave ufihe tC-G tr^lnftlpsraei 

Df. 
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ElectTncarrimsramr III 



CARDIOVASCULAR PHYSIOLOGY 



Nomiiil Sequi^iice of r^rdiat nt^iobrirjlion and RepnlArizjIion 
and Denvdiion oi fCC (citnlinucd) 



E. RepohrJziiliDn 

Wlib-n h t'.ii'r 1^ iLitlvd&polari7ed,lh?r«lsnD 
eleclrical activity lor briei pe'icrfJ (5r segment). 
Then repcldn^jliDn begins Frnr«i endnccuriium lo 

epi^^dfvni, pFr^\i[;ing nli^icirlcal vf^cror dirociEd 
do^Tiwjrd .ind (" Ipil, c^iniiing ■■{PA-.^rd l^iu^iliVE'h 
dtflfctlDn fn balh lead^ I Qnd flVF (T wiLV«l A 
ppniid nTna pl^crriciil dkciiviry fulkivv^, \viih 
Eijciniial bdsetinc unbl nE>^liiiipuUe6ngjiuT#f 




r 



\ 



EesullJTK vpclnr 
Oil^lfcirlri^l 

aclrvlly 



F, Summary of t»rdi0C electrical acilvity 



/ 


■^ ReccnIIng aids oi 
Ipsd 1 (horrzonlaS, 
n^lil hi LpII) 

^ R^tiarding a^us af 
lead flVF (vertical, 
downward) 

Lead aVf 




4- 

s 





^i^node 



Ainfll 

depalarlz^Uan 
vpflcir 



in condticlHCtn] 



ofHii . 



LelTl jnd righl 
bundli^ braikchi?^ 



Septal dppnljrlzariDn 

veclnr 




Lflle venlriciflar 

depolanzalion veclnr 

Heptildrlzdtron 

vector 



Apicjl and 
prtrlv \e\\ 
ventric(]|ji 
d^oUn^Jlloii 
vftcsur 



ii 



"id 



FltiURl 4.8 CARUIAC DFP0IARI7-ATIQN AND REPOLARIZATION PaRT 3 



EtG comifiiie<]. Gncofirllydcpotiinzeri, elecln'cjlinnihtcy (c<i')e^ 
brieflV jihe ST wjyneni oi ifi-e iracfngl, nrnl iJipn rtpolarlzaiiofi 
bt^gin^, mrtving ^runi ihr innvr r;n'1o('^rdiu ni ir- ihe outcf cplcjrdlujn. 



gientrdtiiLb iJif T wdVF ciMhe ECCi Lmdrji ip-jnet t). Pond FHimnu- 
n^es ihe sequence of events fn myiiciirdial (fepclartzatkin and 'qxv 

Linzadcn. 
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|J(J 



ImmHg] 



P 

.1' 
Aomr Wnnd flow i 



VenirituJiii 

volumti 

<mlj 



hhidd wundB 



pijJse 



El cd nHa rcTJ Dj^ r jiTi 




f. Pifrkmi 



(I -I 

Tl<nu jiuAiiicti I 



FicuKE 4.9 Cahdiai: Cvcie 



TfiR cardiac cvele repr QtnJs tuie imnplele scqucna- 1»| amiil and ven- 
rFrcul-irconniiniondridrcliiMiion Der'iciL'd liyrt drvihetey elciiricil 
jihI hcriiudyrkdiTiK E^?nc a*50diLed T>i|hij ningieTyde.Chjnja.'Sin 
Icil JlruL I't'JiirinjIar. jndaurllL |iri?^'.[ire: nortrc Wood How, vrnlrpi-ulflr 
\fj|[]mE heart soundi. jui^utflr wpnin(sprp*.^ure; jntlllii-CrG^i'e 
■ihm-^n. The S htirl ioumd Fesuhsfiom iheiTdMn^ nl Ihnjnfrral ardln- 
cuipid valvi^, vi>n:rFi3h Ihn S, heart ^urd rt^ulL-. frnrnthetlDsiriKifl 
ihcdjrLii: diHlpulmonrc wolves Btilfi 5, dnrlS^iije yiuncb aswciifcrt'd 
wltli fiJlingi>fttitvenmcfc>i.Thi!yarprimiTH(l^diilluiliL*jlitdrpn 



lie^chyddLJi^Sii^lvard rri hr^lrhy liiJrfjpn ^tmi n* ^aie& of Kiieh c^- 

diHL fiiilpLn.S^Jsas^uciaiC'dvuih vmintiiilar liriir>BdLirliiii-irrirfl(i]i> 
iracrron llK:coinp.]rn'nJ> nf iht'jusnl'Sr^'GnoLit puteiurihG JWavc 
cdLi:ied by iighl 4inial coHEiLiiiiiQn; ihe c w;iv£ w^ilih results from 

bulfilriKiiuliHrrinj'^ndviJvolniortRliUfriinn dum^e (f&hr vm itd£.i>Ui 
cDnirjcrmn, and ihe k-wawi-, rtuilunyfrofli intrwicdiijjhl atrifll vijfc- 
uniH [.inrl pjes5un?i a* vunou"- hInnH lilk ihis nJun ibtf r IjE-fim- ihe 
openlrsfi1rti*?lriL\i!.EHd vdive IhecomporiL-nl^uUhpECC art 
dcHiitiodi|iFrflt]re54,ft Ici4.fl 
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Cdrjfidi: Oulput! Prt'F^suri'-Volumu Li»ap 
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FiCUBF 4.10 PffF^lUftf-VOlUME LOOP 



■C^rdMC FHil^ul '^ ihc WQluni«:ul blood pumped by Hh^ h«i1 

r^ch minuiiL In (ht- siE^arlv ^i^rt rh(- auipui [pum huih ihir 'l>^li* ond 

lefr venincle* ■* [he wrne. The pre^'iLjie-vo-lume Idop Jor 

rhe letr veniricle i*i deplTiEed hpff. Thecflrdfac nuipuF i^ cdlcubiied 

ii: 

CjidiEi Dulpul = HEdrl feFE :< Stnlke vnlLlrne 



Srrr>lievoliinTP = End-diA^inUcvr^lunte - fnd-^y^inlic volume 

fncroasM in venous rGluFndncreiwdDrplojdJIncfGaselfiGilidiG 
voluriit.' and thu^ c^rdidf ouDpuL \f\cte^£Qi in drt4!rial proisurs 
LirLr-fd&i-d dllHrlnadi di-i3EaHf slmke VuIujUe ja6 ihu?. card^dL au\- 

DUL(b>veipiinfl), 
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CAfdiat Oulpul- Function O 



Cardial' 
([yniiii) ^, 



Changes !'i 



i 




\r U [N-^lojd'* cjrdiaccsiirpjii 




Hypovotemij 

IhcrmurliflEe) 

1 1 preload/ 



KiEhiAliijf 



Oulpul 
(L/fJiin) 

4' 



1 



fr-iJ"fria('Jj% 



Nurepinephiine (jjympatherLc ^IJinuJaUDnf 






S Ut 



Ei?{lll \[nal Pressure 




- 4 r, a 10 

Right Arnal Preisure 



ft- 



£i- 



^ * IF'R 



Cardiac 



2- 




C;Lrdia.i: 

IL/rnJn h 



a 10 



Fitah< A*r|jl Presirtirc 



Mi. MFfl 



FiGUHt 4.1 1 CACniAC AND VAiCt^LAR FUNCTIOSJ CuRVES 



Fh. h,>o.1 and J,h«,d v-.«b ,rr.„ct ^v,.h «ch oEher Qi de[.^he .^.Nl.r funclk^n turve., and ch.ng^ in ardiac cxinrraclii^ly al.tCE 

^ardi^ DU[pal Depiclcd lu:rP^re^ ^c-^. ol .a^cflaj -.>kI < ,,rdiac the urdia^ iV,n(lion c^jrvv Cha^aes in lal^l tierrnhi^ral ...Hi.f^nn^ 

funciion cLrv-& ifi^i iiliisrra[e this inicraOiOfi. Ciiriffyn ii rr^hl rftrifll 
pressurt aili-ci venoLs rtium, Chan^eb rn Viii^cLjl^ volume rilieLi iho 



ft-nciiun cLfvo. ifi- rraie this inicrac)]ori. Hidnyfs II rffthl ^trifll iTPRj dftKlboliUlitva^jl^ra^d Cardiac Fu.^lIh„m 



Urves. 
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Coronary Ciriulation 



CARDIOVASCULAR PHYSEOIOGY 



hrartti 



AnltM^rjraiTuI 

ctHonarvateiv 



tdrunarv 






Left CD'onir\ 
ant TV 



Slnunlfiil iS-Ai nndfll 







Cirnimfle^hranchot 



nh?rvenlrli-ulii' 

[tr,lnil| ■h'Ici'i 

[TimnJrv Ale 

Middle 
vi'in 



Sinujfiivl 

ISA) nnflp 




DUphr.i^riAlre 



Pti^ltniJT 
nlervenlncul[|T 

Cidsl ileitenrtinp] 

hiilnrh nirighl 






-a 
C 

fl 



120- 

390 ■ 



-tii 

JO 






^k 



:,^ 



4hR 



Timi> i^eeopdi) 



Figure 4.1^ ConoNAPr Qbcuiatidn 



ITk' tiirnrwiry arfprlF-'i romp f>FF the -HjrE-i }LiHl p*Ik»ijp iUp umllc w-iKie. 
Cconaiy blood ilo^ varips w<lh aortic pre^^uT bulii Influenced by 
phvsic3Haci[Ks (cQmprK^ior oTihe ve^wl^ dunnc c&na jaran of the 
hearT) aniE by nn^bolh: latifir^n^leaM^cT Fri^m ihe myoLvrcL l<Jumtt- 

nii^ mrlflbolif liir.liKs hnwe^epn imnHt^flfprf In llip ipmilailt^n «f crmj- 



Hiiry thiod now fi--p„ H-, COi, (imJEaseri O,. K^, Isrfk nfM nllHr 
ovdr", ndfno^iHip'i, £jf ihe^e laclorr, sdenoiinc spprm, lo be ihc mml 
jmpDalanL Thu^.^^^ienarduc^orkdenundimiiHSe^, [idenovne 
relejsefJ bv ihe myi^cvles fe^ck 1q vasadlldlion ^nd rhefebv 
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Hemcxlvnaitiics 



fre^Eurt Uifference (AP) 



V»^EfNYdl| 



BIdikI f low {Q) 



l4 = ReM»(iinct:luniJW 





Reai»lance la flow (R) 

PDbeuDCe'a Law 



R = 



per unit lenndi 



1,000 
TOO 

ID 



■^ 



T) = ViSCDSilV 

L- vesad lenglh 



Cro?!-SpcHonaf Atta (A] 



0.1 

o.m 







|. Perkins 




u 



High VGkidlv (V| , 



; Aficrii^lui . Cdpilflries ^UrgE? area lAjl 
i : Iriwi-'eludtvJVjJ 

Turitulcnt FEdw 









Tiirh[jfen( 




PBp^^jrv Dirlerence liPi 



FICIJJIE 4.13 He^^od-vnamics 



Htne! A: Tlie llo^v o1 IjIlxk/ iliiw ihf*u|j,li ^ ve«el IQJ dtpcndt on ih^ 
prc^siirp riiCfpn^nie (iP| .ind rhe rc^^Likncc lu n^v. \ti,\. In Ihe syi- 
Temlcctrculjlion.iiP = aorl ic pres^jrc - lighl alndl prc^si-rf, diid 
K= Ihk'liLUjl |jerioJieFalrKi'^Unc[?(TF'H). f^fJ£if B:Ai>rle!iCribedhv 
Pol^uilleM^iv. ihi- mo ^Iin>|i')ri43nt factor dele rnilninerc'^i^rufKL' III 
bloQcl floiv IS ihe radius of llie vessel. Tlic '^rTirilLrfrlHrnilpv .ind caprl- 
lanes hjve iJie hipPiwl rE"Jslrtiiit". Retau^e otlhcir iL\n\\[v lo rpguljk^ 
lh9ir tune, ihe ^rnjll Diteriolcs ire itu- rthf^l linjw>ndnL Ves^eb 
rnvulvcd In rcEulatlnn rRii' TPfl. Pciiiel (T; Ain bbod flowi from iht 
diJTl^ il roii'^e* fhrtiugh an incrpismgly brancliHif aripriiil iiv^lem. 
I his brandling increasw llic (dial cro55-5ecliorMJ area Hirrjughi wdkli 



tJie blood flows jjid jedun-* *\m- vr'hj'ily i>r"lhrH nn\v (U = Q;Aj. The 
ri.'JL>Li:dllow Vfhuilv inihi-capillorfeslniKliliiloslhe t^chanKFonlu- 
id'. ai>ii ntirnent^ jcross ihp CDpilljrv ^all by -illuAiiigsuFftcienI lime 
for dirtuiifln tr» unurr /^n*-/ D: hJiirmally, blood flawlhrough nttKt ttf 
llip- ^'-hCL Jnr ivitetn n Lmnaf. Th& liiicepllun ih ill die rDolof ihe 
aorli Hovevpr, in pac]iG]o;>tPi:al condJlions ^e.^^., le*i(jr>i ill llifln-Lirl 
viilve^, ndiTowinB;arpjiiijLbJ[>r:hjg9GlvE";'^lsi, tuibulenrilaw 
Dccur* and can b* lieerd with die sieibos-cape as niui rmm lin (he 
heiUlh nrbrditslin vessel*]. Uiminjr ilcj^v rpdim-s ihe pressure pradi' 
eni necdfd riF |>fl ipH rhtblputJ ihrouBhlJic vcs&cl. 



7a 



j^erial Pressure 
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CanUsc aulpul 

I 

M^^n drrtrial 
prc55urc I MAPI 

t 






MAP = P^ 



i Py/v PeLal 




Stroke volume 



\ 



Arterial 
CDRipllance 



f. Perlcin^ 

■4S, FriFA 



-jt 



TllTlt 



Figure 4.14 Aktiihal PRCssuRt 



Thenieiin arn-ridl |ne*^iire(MAPl is ihe jverj^e pies^itrein iheiartenes 
,kvi^H*[;F'rl(ii-e]'nntp II MMHmiTH^I [iv ll>^''Hr(Ji'ji EHit|iLJl {CO) ^nd 
ihQ icplal p^nplK-nl rcsiilaiicc ^R) as: MAP = CCJ K TPR As 
dwcribod ir» FjpLirp 4.IL', CO '5 dclermtned by ihc stroke volume (SVh 
jndhtiiJlrtilr jMR) A^[7Q= 5V -; HR- fikw^d vtJunn; l^ d" iiiif.i« jrirfrri 
jlplprniinartinfSV TlM^svniparhelic nervdiis sv^'^i^ J"'' ^ rmmhtraf 
hormones (see Hauie J.15-1 detenrnneKEi^culcirreii^tince A^ 3 le'liill -tif 



the heart's Fhythmk piimpirsR, Ihe srleriol pressure l^pulb^Hil^'- The 
|]Ulw|irt?iMr»-dL-fii-iLiJ>4jii llii:liV4ljiK4-SViiir]td)e«EhepulH;pre^ 
suej andtlie complwineollhe jKenjI wjII [decreased cnninlrande 

increLiSeg pulbie piv^'^rre) Wilh nrjmijl j^in^, caniplidnt:«of ihp an«ia] 
w^U i|iL'ja^^ti4^ jjhl ri^^Ls in aw inrji?Ase tii iHcputse pressure. 
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Control oi Ar\er\o\arlt 



ANP 



Vasopressin (AfJHl 



th/iite 




islamine 

Ace ly [choline 

Br^dvkiiiiik 

Purmfigici (tg.. ATPl 



Hr^ £he4r !klic» 
Cvioklnes 
Thrrymhin 



I PerLin^ 

ei 



Figure 4.15 Co^mtoi of Abhriolar Tomf 



^FUhLI rirlHiii iIhs .jfh \\<f i|tri|''rili'|priiiJri<iPil'>4jl IIih rn^lhljiiio' <il ||ip 

Vflsciilar svslen flclcQ^c of norepinephrine bviyi^pJlhcln: nerves 
cunlrihulerp lif Ihe r^-MmH ktni" f?l ihp snuittth mujido tpll and. I'filh 
increased ^vrnpalhelic Jlring. Furtfier incrifases lone. Circulalrrig hor' 
nuines Mch fls illn Jl fialnyrslic ptphd<j lANRj, angliilyri'iin |l IA4LJ 
jntl ^.iso|)ri?'sin lAOHl .Jso jcl on iht irLerul liinoQlh muscle cell^ lo 
3l1er their luny. Su^jbtances proditted by &w ynduthylial l^AW m 



ri'N|]4)ri')i' i4i ,1 liosi i»r IriUeti'i (i: ^. '>Jh-.ii ^Iji'S^jJu^' iu IiIihjiI rlowln);; 
ihiough The vn^ekind iiC'er>l<:holinereli^[i'ieii irifrn p,ir,]rhVm|>iiili>'lii 
n(-rvG^ja4:l on iht ddjacc^ni ^rr^^ri^l ^nrncth muscle colls la moduljie 
iheir [tine. The Mirlace nf ihe endnlheliinl cell aIv* cnnJiirns 
un^iait'nun-conviiriin^ enzvint (ACHi, ^hicfi is pcctmaiy lo con\'en 
lheinac[lveon^Dlertsiii I tfiA) nwlecute Id lis active lurm, A-IL 
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MKrocirculaticm 
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^Ttpriiilp 



Vc-nulo 




Jv = K,j(»',-k'p)-<r(TT,-w,J| 

Ki - iilujilon ctH? ffrnenl 

(permejbditv -"^^I surface areaf 

IT - prolein reflection coefflderU 



Dfslance al[?ng i jjiill;ifv 
LvmphAdc Fcnv 




Lymphatic CirculatiDn 




'i[ijiiiM|' 



V-'fiuh- 



Lymph node 



J. Ptikins 

MS. M'» 



Figure 4.T6 MfCROCiRCUiATiON 



EM±anpe o(0.-, CO,, nuinerts, cellular meiaboliles, Anri llulil i>.("U'* 
H'rr^Ksihi-i^iplllarvwallbvbiinhdrflusiGnnn-ifnilkilci^. Aithtiwnir* 
(tiiiif^iX thilk ftow of fluni atrjjsb (h? (jphllarv ajII i^ driven by ihe Sl^r- 
llnsli]fL-e§.<l,e_ Iftiinftlalicpr^-ssiirp - Fand oncDtk 0r«5ii'eSb^n«- 
aied b,' [n-ii<eim - Fll. Hvdrwiliilic pirasurc result from iNe |*um|^irig 
ul bl(»ruj \rnf (hp hpJFT, i*, v^'eW js live ellect oi ^svily itn tlvfilunin of 
hlrnd <n a t««*l. OncDEic prpviure rtp«ewnlH (Ih' [f!.niinif pm^urc 
gaieMSTf^ff by proteins In .iddilnrfi \i> Hksi- Sl^iliuft iwf es, ihe wliime 
al 4luid moving acrt«*rhf capillary wall depends on ihe iiltralior tOeffF- 
oenl lK,i. ^vh^l:b rpFlrri^ ihp in[rin«c permeatiilnv nf ihe Wrtll and Ih sur- 
racGflrea. The prrfttirnt in plasma iindinitrififwIllirldrrfiifMiri an 
i-^miilKjirKHLirconivifihev tto noi Tpadlly trn^* fhe capillar wall. Tlie 



easewfth wNchpruieinsciti^ihekvalMiexpreswdhy iherpfletlion 
coiffliLieiit (ij-l- Pr^Pdin-s tic no! easily crm^che wati in ■^l^eUal mu^^de 
[d|iilL|nnM(f -- n.9l and Uierelcne plav pn. imfwiriani rote m fluid nnnve- 
rvK^nl Hitwi^ver, Jiver capilLarlM UptthiI '.lnu«Hd&l arc hinhtv pernie- 
ahle ro pnjieiniJ. As a ir^ulr, n- = 0, ^ivJ (Nl^ prolan oncolicpFpti^un' 
doe^ ncii turUiil-Mj|p Ui ifii' FTiiA'HTienr of Fluid aaoss ihe ^muMhd ^all 
(i.e.. flwKl rrifPVPinfFil in [ht liver Mnusind cfccuis nnly fjy hvdro^talic 
pryiiturel. RwtfJ S' In me*! capiH.irv lied* (hprf hnrlmoi^incnloi 
fluid oul DflJiccapiflnrv inlnlhp inlpTvliliiiiri. Thb llukd a earned away 
hv lymphatic vessel^ and FHlumed lo ihc vascular cnmparln>en( eillwr 
j|lvniphiK)cJeiorlj\'|hf ititiiiacaTKJii^llvrnphflfrtdkiilr- 

SI 
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CirrulatJon to Speddl ftt'^iniH 



LunHB! iniporljitl Irnn-ikt 
nfrfuvon rDveniplaiion, Li[(J(- 
influi^niL' ^pf rinlJjnumic 
nervoui, sy^Tem. ChdJi^ns in 
n^ iiHikior mosr iniportjnt in 

I dpcrcjit<J O ■ dec«e Jie? 

t3i in^ieasM blacd flow } 



bvn Mui ■.[jlLinchnii: birl^. 
bkhiil Flcvk reguldli-d iu faali- 
lari" MiBesTioji. Svmijdlhelic 
ner^eh (li'Cri'd^e blood llo^v, 
j.nd pjrdhvnipalhclic nervt^'. 
Iricrvip,e blood flo^v. C.I h<*r- 
i"itine!i(gjslpin, tliidecviloki- 
nin, sccfflini inrrcifw btood 
llij^', as tin |iroduc[5 0l(liH( 



Kidiniyt blood flow iiijrrraJfv 
riMinr,iined con&iJnl laul-o- 
ri?RUl3EiEjrU Tci m^inl^in not- 
maf pJoiiiTular flhralnjn 
5vMip,alhHiL-nerv«di?- 
cfWiif hbtjci llijw Circubc- 
(r»g honnones riisLt aJfuci 
blortrl (low |A-|I <ind vaso- 
piesirri dt-.iea^E' bli>Qd rti>»; 



^Y*jp*'^ Bidiii:Jjlr-Mirl(iwfhirrnflfjyrBnialnsLijii^lJnT[j(]fiirf^uld(i«n), 
J-, -^ ^j ^llfif'dFih renirjTidl variation reJa«-<l u> br;^jn dcbvrry ncinjrs. Liiilc 
p 'fci^ - influence olaufunoinif nervDU'.-.yitein. Lociil mplaboNcfairlor'- 
f^^ 7<^/ mosMmfH]Jl^riifiKconlmllinthlrMjrJp|cw<e.|;. ll^tOj, O^^n.r 
adenniiFnrinrreaiebfrxid iluv^J. 



Curoiidryiinenc^rlltmjnlcr- 

ruiXnl i|[jrinj(sv&li:il& LiUle n- 
fluwicPOT ui]ff>rnjFnir nermsi 
■.ysttm Local rrnfiDboljc Ml 
torsrrnthl liriinrirfani: iorcan- 
ircpJIng blood flow Ip.y,, a<li- 
iPTj^ine, r*/<J, anrl rip created 
Ojrncrcd'Srhlii.irinGWf 




Skin, Lknitl 111 iWdlcercd lai 
lhernn:]r<'Rii[a»Dn. ^vi'iulli- 
i?!ir' rifrvts decff A^^- bbod 
llrjivf^i-recepliiA] Circiiblif 
lK>rmcnc!i d\^p eiffccl hluud 
flow. A-l] anrivasopt-i^in rjr- 
crL'osL' bifmd \\nw. Af^P m- 
ciVffiB Wood ncpw 



Sk-k'l hJ mu^de- major drier 
minani oicoul iHTiisheral 
n:*r»;rance. Bicjud How regu- 
laied III rv^prinse lo p*<'r<:ivi' 
Ba^al llri^ sei hv^yinii-H^pJi' 
rwivH^ L I rcii lalin^ Uorm^jnp - 
ii^^o iiien flow [A-rl and vj^d 
|j»es5ir diit.Fi'fl'M? bl[>od flu^ 

ANT lilt r^ases blood lltfWJr 

Wrfh <3^Hri-i**, rele^te uf nu?- 
labulitc? i&E- N-. Irif Idle. 
COj, 0_i, arlcnoiinel in- 
cre^irh hlcKxl ilcw 



Figure 4J7 Cjrculaijon to Speciai Regions 



BiuDd flow ID drlteieni v^miJcr beds s rtgirlaledby a nurrbf^r offactois and In response Hi the phyiinJ^Kiral deniandtf)f rhe fowes. 
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Monitorint; i>l Blm>d Prvijsure 
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MAP lirim HgJ 
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Renin 



Blood 
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jRenV 



J. Perkins 



I'V-.ll 



ftcuRE 4Ja Monitoring op Blooo fRF^suRE 



< -e bodv 1^^ 'lEiiniali-ii ^Y^tf rn 10 rriomlor ^nd rpgubrp bJood prFfiiiijri^ 

3P[ Tte ?v«erri a crunmllv impurtiinr (l* ihv ntdinlpnanij? of BF dunng 
J fipedi olilsilvlilc ita. fr^in^ Iroirt a sitting; to a ^t^inrilngpiiiilinii (sp 
"ui^ c>ieicise>j i]^ ^vt4l i3!i durinfi ribnnriTirlJ i"ntJiliiJri^ 1L:,K-- c>t^<^^ivc 
ijdkoHiri n hoi trrvimnniL^nl or herrkonli jgel l^r^^uin- '^'nvir^ 
i-Tm.iJbaiGrec^lors) are located in lhehifih-prw4iirG(jrrDfial'i and 
OM pres^urpfusruuiil^ideioJllieQr-culjlaiVivaleni. HlRh-premjie 
. ..■i.ilQrsrntheaomciiFcli and camli't'J'iusnidinrirjr ^un^lBE' 
■-- I i-iyiiil'.LrFllh'hr^ii'ilriiiinlhc vanu^<CN\;iDnd Rl(B«pharyii- 
K> iCN <Xj nerves These ■jan.il'' revull in riiHTriiiOriH iri',viri;ki(lu'((L 
■wrve aclvitr' innl ih*iwn). Tin- jfli}n>ni arterioles ofdieiuwaglomettittiF 
ilui jrealm high-pie^ure haron-ceplon'. They iKfHmri t*j 



rlungi^ ir jrterljlBPbv waryinBllipsecrpminol 
ihe proteolv"*: cnrymi' rciiin. Ai deyirbod lr» Fipureft.!^, remn ■phJI'^ 
in ihii prcMJumr>rn3( insioteostn II, ii potent vp^wEinslrl dor (sec Fieun? 
■1.1 SI Lt"W-[Te"i'^""fi'ii^3f*<''|*f("*' ^i<^ inund in iliehi^ pulriinnHiry 
V1^w^s.h"d[l^p jinaoJrtichMrLByiheirlncsiirjn, ihe^ fe^ond primar- 
ily to chLiig^'^pn htn.Kl ^^jiliinn'-Ttit-^i'lia^orecf^ptDr^ wnd ^iflnals [ofhe 
brain in the voRusnofvp |C"\ /^), which, inadiirii<in in .iliiirn^svrdiu- 
jlielicnerve GctJvily.csLRcihcrcJr-iseolvaioprttwi IMJH). When 
■.itE-tiiied (IP, increased blLioiEv[jlurTie),lhealniiahin:ic:[.rtli:||][: \nit- 
Tnt»np Jtnjl nacdinrlicpeplniH lANP], which Incroiiws the e^rrelipn 'if 
NrfCI rfnilivjtL'F liv ihe kidneys j we fia^ 
iiro4.J0tanddea¥«ei.jirreriallnrt(i(?eFieLjre4.l5j 

oS 
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Short-Term RtSulalion oi Blocid Pressure 
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J Fbingralp ai 
boiQiKcpIni 
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t Cardoc uuTpm 



IVenoinrHum ! t CaFliracTJUlV 



I 



1 MS^ MfA 



RcuBE 4.19 Shopt-Timm Responsh to Chances in Blood PnEssuRt 



Th? au [ant irnlc iK-rvoin* ■^ysiein rs primarily involved In nkali|Ldrr«n)i ijltiod prc5surt on d scconri-bv-^ecDnd bati^. ThiM^ ilJusiEared ror a 
chjUgp in posture. AC\ Aiclylcholme; f. epIniTihHne; N't naF^pinephnnr; MAR mean znorral preisure. 
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enn RL-ftuljlian oi Binod Pressure 
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■■Hpansc lo [>ecre3»d Bload Volume and PrMsur? 



Aetfinme Id IncrFi-ti-d BIodJ Volume -in6 Pt^invr^ 



rpcrve jcliviiv 
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nervBaLLlVIIV 



611II1 




— p^JADH 
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J-le,ir( 



J^NP 



i 



^(IrifriJh 
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RiTiFn 



' and 




Kidnvyi 



M.lCl anrf H,0 
pirreljcin 



HLitod viiluimt 
.tnil pri^&iurc 



J. Perllilt! 






= icu«i; 4.20 Long-Term RrspoNSFTo- Changes en Blood Volume ^nd Pkessuri 



rsNjncLvnlLamcUnd prp^surel dwngt*, Ihe kidneys rtapond by ihe ddr*^n,rhL riu>d(]llai^ill be stimdjled <nnl iliiJiAiii.Tlkc.sniKcula^nM 
■■ . I rciiinina ft^aCUnrl vi^\i'i iv i-^trtBlngNaCl iind waier in Order caiedidammc^ will divy iiti un i\n- kidney iq reduce NaC tJitrftifpn. 
■ resioreblfiod voturtipiaiisnornifll value, Wirh iiKre^ted sym|ia- 
-iel\c n^fve adivily, norepinrpliFini* and pplncphnne secri'lK^n iliv 
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Ki'sponse lo buenst 



AnrkipgriEinu(tn;era5P 

ci^nlerij, incFCit^nR Ut-ait rale 

Vagu^ ni9rvi' IXJ 



5>7nni3lhtncnerve5[iM 
ul.itiniiamd cirnuljlir^i; 
i.aler:JialjniiFi9%, plu^ 

'el^ ri^i: di] I'rHd^I- 11 Vd' 
gal Uine. n-cceJerale 5A 

mule rJlidijrfie Mti? 



I 



rate of 
conlFdclinci 



5kfn; vanoconnricUon ^i 
lirsL iher dllrfliuii U" 






or 



SyrppLithecic inSibiiitJii Ifv Jirfrorecepl 
generalr?i-d hlimuljIrnnol^vnipJlJieln:* 




Giirijrpcepiors ^[iniLiUrHd 
by n V jn bEood prE^suie; 
(alliMblo^jfJprtbiiuredc 
cn-jiii-i Ionic synparhtilc 

irihibilFon 



|jynipjihe!li, nMVps nnrf 
c ircul dlln g cji(ecliol amlrK^ 
iJiUlu [ftfun^rv JFlenesiir- 
i:red3? O,' supply Jiiil m* - 

r.AbulnrcrcniQvjlj and nd 
dFietrty on lnvri nruide. 
acfi-'leriiling m>ocflrdpiiI 
""■l^byllsm 



^1 



IncFpj^vd 
force Di 
Li>n Tra if JOn 



VVuscle inilijlcumpre^^piitn followed by 
marked va^ftdilation due 10 ri'lwj^i' n( 
iTOlH3hi»li(i?'^ and circulailfbg^TJinephrine 






FlGUHE 4.21 CmcULATORY RHjHONSE TO EXEHCWE 



Tib R^tir mmmanies the inEcm-dled Tteurjf and chemitiil effecB oi 
picprci^e on ihecanJIcv^.iculiirivsEHn. Neuigl effeclsaren^&iirirrf I 
centrally {l?v ihr^iutononlc nervijuss^flcm), wlicrtds tlwthtmlciil 



eilfclsiui'inedr.ited locally by ibe r? lezae o1 v juhirHve merabdlr^- 
Mtd [bo erlecu ori circuEeLIng c Jit^lbcilikritines (e.g., ppirwphrinci. 
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PrcndLakirtulAtign 
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loblileiBlecE^ltjrlii^ vtrinHJiil 
EJgdmEnliJJEi [eres 

, ohllrerale<l jm-brliccil wemh 



Medi^ uiTtbillcal ligame rt[^ 
(■occluded pan of umbilical arteries h 

Pd^lr-iilal circnliitiDn 



Figure 4.22 Pbenatai and PoSTJiiATAL Ciuculaiion 



rhrt nBU'esumniarijnp'^n^fllflniliJ'MlndlJtcrrt-uJaiinn. PosinaTiillv, 
iJimrl nu longer pushes thioiPRh rtie pLicenUi bui dupiipHr-fuie Hie 
unge. Canuqucntiv. pr&iaTa! ^unTs Tfi^( jleliuc^Pfl bhiiri In ifip pl,^- 
ciTktddiHJ \iiiiV lu the Irru^ (urnlJiliLal arleriesand umbilicii] vi?ln) 
[■ecnmn iipamTnl^- Lrki^^vriic'r Uiinl^ bviJis^lne the liver fducO]^ veno- 
.11^^ Ihe riRliI Ventucle ((oranHri uvalcj^diid IIh; jiulniufidry Jrculd- 



iioni;dLicai^ artenosj^J ako cto^e, prrwlditiglot nhu fiulmurijry and 

by4lL*mic clFculjlluns rhal tluriiclFTi/p rhp nnrmril p-^^ln-ilat p-idrrn, 
Viiliif 1^ mi llie ItJiArt li?M ipprwerl rel jUvp pcrcentiae? of fJ salurii- 
lion iLif rhe hlc]4>d ;ir ujrjou^poirtrs along lEiefs^Eal c^rccilijrrun 
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Figure 5.T Medjal Surface of the Lupjcs 



Bre^rhin;^, or ventilj-iion n| ihclungK, l± an aEiEomaiii:, usually rhviH- 

nic, jnikentraHycDmiollfjJiiinjci'vi.Thcri^lnljn^ha^ihFrrlDbps. 
ard tho k-M lyn^ hd& (Vrff Idjfi?,, wi|h ihf bronchi, pulnioiidiy vnieb. 
nerves, and tviriphalinenlennaur leavjr>g e^ch lunR ELithehiluriH 



*liii h fe siludled on The medial aspect of Ihe lunR. Thtr (rufhe-i bifur- 
caEi?' iriEn pfirrMry bronchi. ^vhlt'Ji ihtn rr(er the Intie*, 'if llkP Iliji); 
dnd liinhf r i^tilidivlrie in[oimallti jmdj-iiidllerbennieniiLbroniihrflit"'^ 
Einil ulllmarely alvfoLti duct3 and i^ai, 



90 



Airway SIruclure: Trachej and Major Bri>n(.hi 



Thyroid tartiJ jfic- 

CricDEhymfd Ifi^menT 
Cncoid cdrlibge 



Connective H^suc ^heaih 

Cflrtilape 

ECastk: fjben 
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Inlr^pulmGn^ry 



lxtra\Jo\in>?naty 



ntrapulmonary 



FicuRr 5.2 Stbuctube of the Trachea a-nd Major Bromchi 



Thf m^ptir condajcling ijirway^ lo ihc luriRs irclude ihc canilaginciu? 
ujchc^. Lho rl^hl and k-ii mdm buncJius, arnJ Ihe inlrciimlinondry 
luordii piisiinR ihrnu^ (he Iurii4pdim"iiynid- Wlfit^^ih 5U*]^e- 



c|Ufiil t>r jnthiiku, iht: i iiiuiuiUnfi iklrw^v^ |i>'r[>nii- ^rniillF-i bird 
^mdllet IP didimeler(k^f Figure 5..l>, i^v^nm^llvlmingllvircirliti^i- 
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Aerway SlruLluri?: Intrapulmonarv Ainvavs 



Teimhiflf J)iorii-lmj|(' 

£[^1LC fibers 
Alv, 



brunchiales 



Alveoljr dud' 







nsj 



FiCiUHEa.J JnTRAPULMONARV AfRWAVS 



As ^r «nler« (he [r^dtea during in>>plr^iri]a ii A^ill pj.'^^ through d% few 
35. 10 or a* niJiiy rfn J.l jit-n^Mlmn's. urbrD^Khlne^ on \K]aun\ey lo 
fllvedli. The mlilalbionciil cofumuierhetonduciinia^Bneanitaieinca- 



piblp c\ fills ^xtiung?. B'onchrnls!* repress ni i iransHinnal ir>ne atIIi 
same alveoli, a fifl ihi' lirrTiinjI hrEinchlcle^are linod ^ith dlvnular 
duLlt intf an, reprewr^ung the fi5ipiral£fi\' zone. 
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V StTucLiir4?: EpitJiHium 
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Much 5 




C<ili\v.\ L l"ili,ii,..! ■ Bru^li / r,(^l>M [-(-II Nerve 

(mucoDsl cell cells \ cell / Cdischarnlng] 



cell 



mcmbrjnc 



Nerve 



B^^cil 
cell 



cell 



Kdchil^kr 

cpII 



Trdch«j and Urge brandii. i-ilhrcdaiidjfoblei cells preduTninam. with lorne spiciiJs cells 
and Decagonal bm^celL^QndDaiBcielti i^umercir^ba^akelf^nncliKCEtslondlf^ulEiliiQliy 




Bdsemeni Ba»l 
meiTibMne ce 

BranchiDEcLCIIi-ilc'iEii^lU iJuinindiiil ^ndCi^itictAk 

!iec(iii?i celKdec^efls>e^J^slilllv■"ll^ ari" ribwnl In (e^'^l^al 

bronchioles 



uFf^llurri 



°Mnj 



Figure 5.4 Ultrastructure of Tkacheal, Buonchial, A^D &roncheolah Epohiuum 



'heTcnpir;»nr>';iirA5yi,ar[' Hnpfl fiv a fWJ?uH"t|r-i(inj?ri, rilmi^rt 
■ ilpumnaj epiriieliurr In smaller M'vu^yi The cprllielium niav become 
III", rnlumnar ursimijle culimdril.Tht [i^mlpd cells <.iin^lilure 
j|}pio»ln>are!v3[>"^iiof the lolal tell populallon Ciohlcl celh |30'^nGf 
LeIJ population) secrete mucus thalcoal^ ihe epithelial cells. This 
muiQus criatln^ pmlLxl^ lUv tpilheliAl (ii|k frunt ik^icc^liun And 
iTjps inhaled p^rticulales ihal hire iJien iMnsported up Ihe airi^ays 
-'III iiLii cil riu- lunK^ [py iht liFi^ii'd ciHlv-^ pr<]i-is>. rrnTH'ii inucii^-il' 
i]rvTr3i!>n*>tt. Ufl53lcell^(j-(fWiolcellpr>pulati']nJ jrehl*mc(?llsThal 
^■vf n^i^ \o rhr i^^IpIh dli^ied, ^nd liru&h coils. Th^ lunciion ai bciah 



FM-lli, jL<l^,rir[-ri|Jpn|iiilalli^ii)r, nfir rt'i.rklvi'fl TlhE^y rii:iv riH[tri-H<iil >idi- 
Ict cells ihan iiavc refcDsed iheir conlcnts, or they nnv li^ve a *en- 
'itliy rrjic Tfie Hulcliit^liY ttll"! < l%i]i [til ph]|»[j]iiliB>nJ wtJI'Ti; ■■ nufil- 

bef of paracnne fading ihdt likely regulate ihetuncrirhnnln Prirbv 
ce:lls. Tliev aip pan pi the bodies riiffusc Fieijr»>enricnririe ^y^r^m 
(riSJfSl. rlira teJksi-crele a surfiicranl-lilie maleri;]! that reduce'* sur- 
face tension n' tkie firpfnch'olea. They "tay al^i^di'^jd^ inhaled ta%- 
\i\E. The tuncllon oi rhe secrelary producl of ihe teraiis cells is net 
known. 
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N4? Expiratory Mui^lIl's 
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If- 



Ficufit 5-5 Respihafoky Muscles 



DiirtnR quiet r«ph-aiion,Q)r[Fiicln>ri *A\\\^ didphrajim aloni-iiccDiinB 
fill- sbDiJl7j".iiOJir]4piralicin. Muscles Df[ln-Lh.ir,-icic«alUinli?r[irt,(al 
mutclt^landselefled muidteciHhe neck^nd jtnJijFni-n rtlsci can par- 



[Irjpdii' }\\ Jniinrcmon and awa the daphiagm, Kptci^ djriny adi^ 
hredtiiinE le.g , Junng evercisej. 
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Fir.URE 5.6 SPIROMnKY 



y 



IflLU 
/^ cnipdd1>' 



4^y 



:uriq vobmes dre dtrcimirKd by ^pifomoirv'. ^ho^vn aic a nurnbcr ot norniitl lid^ii brealh^, a? well is one nianinial iniioirdHiry anrl tKie ihahi- 
-^.il eltpqrdltirv Lirualla-Tvp"^ vulunies for ^n odull are shown. 
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RESPIRATORY PHYSJOLOGV Mechamcs of Ri->^piralion: Forties during QuJel Bre^lhn^ 



1. Rt^piFflldry msiscla are j1 ics\ 

2 Recnil of lung and chc^l wdll a<^ tdU'il 

bill opposilt 
i. PressufQ along irachcuhnHUhJ^I liE'f i^ 
aEanasphcnc 

J.Tfierei^nn airflow 



B. Durll^H Inkpirdlion 

InEpiEalary muicleb conlracl and chesl 

E-ipdrifh- dlvtultir pre^iure become* 
'jili(ilrnO'»n'iP"':*i'l' reipeccio 

piKFurp Jl jirwsvoperilng AiF 
Hows in [D lurkB5 



C. DuriniQ e(plrj[iiin 

JnspiJ-akif-y mu'rflE^ nflax- Tecorl of liins 
' iiuMiv nlvHoinr |ne^■'l^rp lo exceed 
prctiyrc aUirway opening, An fluws 
on) ai lun g 




El jslic ri?{:<ul.ni (Jn-sl Wijll ^pleural 
ppessuie mfrjEi-, pn^ivurenii 



EliLsiic i4-^uH Lif lung i^EvtKiEiiT 
pnL-!,nur!; minn^ pleural prt-^^un?) 

PIcUmI |irii*.^gr^HLijJKiimo4[jhBF|C" 
rtelenrfclned Jmni esophageal pies^iirL'i 



Alveolar pre&Mri> 
(almo^plierich 



fleuraJ piKfi'.ijre iincreaainRly 
hubaLFnii<%|ihen4 ) 



Fopre or mjscui 
4:4inlrii4.1r4in 



ar 



J "Akeolar pire^suft 

1 «Lit>a rnici«pnt!r|r} 



Elasrit recnildljng 
Increascdj 






Alweota r pre*iSUFe 
greater Eh jfi dim "!>pl>f|-lU 



-^l 



f-^ 



■iPtsi 



Figure 5.7 foiias during Quiet Breathing 



Tlipmpchariotkf^'eiHilJlionlnvoKn^thi? dyniirnicinteractbriaf *ilujiji';. sIil^i ^^11, ^nrl diriphraanr. ThemlecplavQf tfie&eilru^'iLiEE"-, ^m 
die rosuliinft iihanm-K in plfjral and alveoJar pifesiurrt Afv ck-pitred Ji re'vl jnd dunn-R inspirad'on and i^sprriHiiJri 
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lies of Resplratian: Elastic Properties I 




rhirtn]! a iSim' E">:piFiHH)r»frDr«i ILL, flovwi^ perlodicalfy interrupted and 
me^suremenls jrem^denl Jun^valunie jmd nl ^rjnspuJirtrindiV firt^'.^ure 
Tran^pLi[n>onarv|Jr<?s^|]i^piSff]fterE'nc:e between iiJveolar and pleuraf pressures. 
Pfpuial presaute isdererfnine-d irom pressure in esopha^js. Qecauie rfier*-!* 




Trdnq]u|mDnd^\ prn^sur^ (iirri I \jO) 



W^ 



-*LLIRE 5,8 ME^iURf MENT Of ELA5TIC PROPERTIES OF lUNC 



- I'he^r vtdll. nrihe lung and che^r A'.ifl as .1 single unii. It ie nma- 
j-ed ,1^ ihe flidr^flp m u^lume rp-iiihiny frrjm a ch^inge in pressure 
^s ifi Depjcted h?reu thi-mc^a!mrr'F|tE*i>ipnh^i:onnpn<9nceul 



lheluns,T[> measure tuns cornpflante rtte change in luop vnlurrie Is 
iiieasiir<>d a-; ihp lrari';pulr»uin.-iry pr(^';ure laheiiJLir pr^^turf - 
pleural pressure] yuria during cxpifalian, Pleural pri^uurQ k nuTa- 
sured \>y ,i balluon pl^icnd in ihe esophagus. 
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RESPIRATORY PHYSIOLOGY 



Me<h.init^ ui Respiralinn: ElasUc Properti. 



>; 



■:: 










^ 



t 




^ 



'-^- 



*" V '/ 



t 



f 



t 



A. 41 rtsldiur vulump 

Wdll (fuecled uulivird 
Is large. Reccil ul luitg 
di^enlfd in^^anJ i^ 
VBrv *jnall 



FE. AI lundion^l 
retidudl lupjcily 

liinji-iiirl che^C 

\Aallarepqujl 

buiappci^iri? 



^r ^^ 



* 



"/ 



C. Al \it%ift 

lung viilume 

tlj^fii: r(rfoili)l 
dttsi ivaII boL'umi'-. 
^iriiilli'J, <ir>rl EHf niJ 
ij| lunR increases 



D.Aiappm^lniaiely7fl% 
of Inlal lun^rapjdBy 

Fqurhbrum posllhon dI 



Ahi M'ay dosed 
jnd ajrHitw 

^jflaus lunn 
w>J(]me!i 







E. AilQijJ[un^ca|»(Mv 

EliiilN rb*! ink iirimlh kin^ 

ii]ii chG5[ wall direclerl 
■nw^rd. I^Varlne dcciEiaK' 
in lun^wulunit 



Prts^ure-VDltime rel^lioiuhips uf rv^piriilurv sys-lem 



Riaplrdlctfv 

niLi5cl« 
rLil^Hfd 



inrjn 



oo- 



bJ- 



% ILt 



40- 



^0- 



Pmsiir? rQccrd^l dl airwdyoperilnR Is 

iJmr^'iHlvpnljr[irt*'<^jrewhenairflc]wi4 
iHjpped: provrd« jmej^ui-' -i Hri'.li'i 
fecoii fjl respiratory sv^ttm when 
lesplrjlory ni^ik'4. arv related 




r iOP 



-ao 



-bu 



% \'i 



40 



~zo 



- n 



^ 






-id -,HJ -10 



u 10 J a 



JU 



4U 



Eld^ticietxjil pressure of mp I rjU]rysv±lpm J'; slj^br^c ;Ajm of 

rectjirpFe^^LiFii^ollLnH jnd thcil wjII 



Ficube5,9 Elastic PHOi-miHi ue Respiratory System: Lurvc and CHfsrWAii 



I he elasiic recoil [or cotuplkincc? properiies oi |ht lung^ dnU diBst wall alune and mmbincd are shuwn ilidKramuiaiicdll)- dncJ jvaphjcajfv. 
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:h3nJcs of Respiration: Surfd4.i? Forces 



hyair 




Air 



Excised fiiiii]" ^''' ^1^ 

di:»lei|d«l / -' ^ 



L*(ii,eri I urn: 
by saline 



PrE55i]rc-VDli]mc reljllorshlp^ oi 
atr filled and ^^linc rillccf lun^. 
lui>B^ Jilled with liquid iet]\i\rir 
a \timti \iitii\BH? rcj mdiridin ii 
ffvpft vdIljiiif Ui^n do Jluiks tilled 
wiih air, be^iide rjf plimlnallon 
4)1 Iiquirfair int^i^ace 




10 i5 2Q 25 30 i^ 40 




LapbiTP's lairti: F'r«Hire Jnside J 
'.pheFirsI siRicliire is directly proper' 
riDHiil Id len5Jon in vuail Jiid in\trselv 
proporUonal lo rAdl[J5 mf sphere 



r 



greGncirde^inilt- 

^kir. Ri'ilarTfkiA'q 
indicate prewure 




Wrihaut surfjctanl. Sufiari^ If rtu'un Iri bnll i 
ilvQoli IS ihcsanri? A Rnr^aitr prrspjiri' i> 
reqiiirGd Ea k.oi-p irr\A\ iiIv^qI^^ r^fTCfl. Snidll 
dlvi^aluf laid^ IQ ^mpFy Jnf o liirger one 



I = radiu:^ 
T = SLirtflce 

lension 



Wh •lurfArlaiiL Surface tension r&duccd in 
srn-ill -ilvHitlui,. Pressure rfisEerMJfng biilf» alveoli 
15 dppro>lnijt?lv iht: ^anie. Alvci?Li dri; 
stabilued, ord [he tcndi^n^ry Ich ".rniill rilvenlu» 
toenipTvinloiir&eronoiuttlutPri 



4 



*f 



^HM 



-*cuBE 5.10 Surface Forces in the Lunc 



■■*: jiweoH are coaled wilh a ihin fiirr olsun'jfliiJil (l^[ri]l)ll^LL'^n |>ri> 
^A»?d by type ^ alvi-olsr -c^l^y SurtdLtani juduti^h rhe ^inivic? l€n- 
. i^ rhdt cKisis M HiP-n'iiKTCilflrinlerfjiie. This has several eHects, 
-■Tudjng a de<TP3SB lr> eljflic rccoW ot tht^ jjrii^ an 'if\Oi'fiii! in lujig 
--Ti]p5jnci?< jnti a jJnirii^d!^ jn rhp wiieIe rpijuirpd I" imlale ihe lung 



ilLinny ns|iir,ifi[>n 'iinT,'i"i[inTh' efect on surEace [cnsion is lycalorin 
^m^ll ^eoll tonrpdred wIlJi l^r^i: ^Ivi^trli Hich iL^nd^ In^'ilriliilj/E- Ihi- 

ak'colianilllicreliyiHjudJl/palveOllflrpreSBures Throughout Ihe lunjt 
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RESPIRATORY PHYSJOLOGV 



Mi.'<.li,inK^ 1)1 Itt'spir^lfon: Ainvay FioM 




■[p^fli 



Ldmrnar flmv nrciin mrtinlv 

In '.nirill ppripher,3l iiinvdys 

Eh^DugH a«i> 4iirw.jY i^ low. 

Driving pF^^iuie is 

pfoporiiftriiil [IS ^ns viHosliy deppfidcMii on g^s riensiry 



TtirbuleninowuciiLii-^iJl 

hr^h iliiw i^Il-. \\\ irdL'liL^ 

5qudre Dl llov^ jndi^ 



Tran&ilkinAl fiow Dtciirs in 

Lirger jiPrtay^. p,i=(icLilarlv nf 

ridrru>vin|i (JrivinK pressure 
N |]irr|]L»rrk]n^J Fl» brXh ^Si 
dl'nsEly and [lah vi^caulv 



PoiKuillr's Idiv. Kf si^Eance lu Idrnirur lliiw i^ 
invETwIy prnporiionji rn lut* p jdius luihi' 4ili p^iwtr 
arifldir-Ktly proporrromlrftlenaihi-jl iuIh- Wlii-n 

rd[1iu> iihulvod, FKi^Uncc 15 inciedSL-d [fi'luld H 
driving |ireJ>ure is cor^tini, iIo'a will rail luunu 
tlvl^n-nlh. L>Qublln^ IphriIi cml/ doubles resi^loiiiL*:. II 
driving pr9mirei«tTiii^bini,llo<AwiU fall lo one hd II 




O 



We*i5tince ^16 



hc^iUncc - 




R^^vil^icr —1 



tinsfwancc -^4 



it_ 



FiGU>t5.n Aikw^yFlow 



Airflow Ihrciujih rh^ Ea^p jln*iy5 of Ihe lung i;. lurhultnL ,hilJ JIii^fl-^ 
hpdrriiviEli a Melhuscope fi.p , brcalJi soursd*!. tamirkar 
tnfv in itteimalC airways. ~nh>njaJarl^UDr lli3l detei- 




riKPiPs FE^i'ilifnc^' [oairlki'* h ihe diinicloroJ llii? jliwdy, lacuu-'.i' 
rfsKlianreviiries « lJ>e rourUi pcnvur oFltierddlU'.- 



nic« uf ftofipinlion: Floiv-ViOlumr 



RESPIRATORY PHYSIOLOGY 



Curvvi PerEuini<d i-ilh 




p^uibdr >villi in^rcihin^ '.■lijiL AHnlcrmcilliiU: drkJ ]di^ lungvol- 



fjDvolunv I'mmrc 
BnH' f urvpt 

Ar l[>ng %Q(umP5 
glftilprlJiJR7^'^of 
VC. ildkrrt iricrajci 

Incr4>aairg pleural 
piKkir? AliJIaw R 
efJon dflFicTxiFnL 4| 
rahimA tetow 7 m 

et(u pjoETdl pn^i^Lirt; 

airVlahv b eHail 

bcCdUbt lUiihrE 
kurivj-^ei Irk ifltvi-jl 

iialhicr mi m ral? iji 




PiiHue tinn H,'Ot 



Dvluimimaiti of Maiimil Eqiiralarf FIcm 






J/ 



■ fi 



'i/ 



/ 




■AlvcoUi 

|JT*llJfl' 

\^-^^< Elaitic r««« ' 
prMiurg of 
lun^ +IU 





■^^TiTirrTuvitTidl aMnivfrvniFartian r^pyplrAtwv^iiWv jTn plv^n \iint 
i-'-L- iikrsn p1[] ufdl |Ki7ibLi rc dbuvc JlTFiOipKi'nE leviil |-^JU iniH^Oj Alv^iUr 
■^^urr l<i]"rt cil i^l^r^l prrs*urr SHrJ lung nnnnl piPs^ifTB I n yel h igher I— ]fl cni 
!? Mr*iiv |yes6i(re falls pciiHrrtSM* If onulweolu^ <o ilr*av Djwnpnjiln 

L^j^ Drp^^uFE EuimcpiriinR il {pleural presiurej ElEvnn<l ihk poinlr j^ InlMlumlrul 
^^riUE drugn lu rtlm, bnluW pEcurdI pn-sUir?, afmaV wU be camp'Phu^ 



Wllh furlhn miTPFi'^'^ in pipiralmv pKort flf sarriE fung * nlume, pleural p rEisuro 
ihS'PdHfl^ini jIvrtJjrorft^uKusiormpinnillnHN hlBher Fall In air^^ay rre-EinE 
^uid 1(4 jlimi «l equal pi iJ^Eiiri- piHitl Mv uiiL^iil^d^LLrl ^V hhI ^UUiif |>i tj wre 
p<]ml, intralhrKacic aTr* jv^ *ilHip ccuptPiEed li> a greatpr degree hy highpr 
pkrLiiJl l^rr^hlni:. Diit-C ma>;iiTidl dirll^i^ i.h achii-ued. tutCh er inneaEP^ irt p leural 
p■*^^^lll ■ im"fl"i Hi piUdrlirjn.il Incrcjsi'b in TLii*[an IP dF scgm cnl doWn^lFcam 
Irnmeqwjl FffHmre pwnl, vi 'irpnjJ airflow doc<ncFiiSianfii- 



-(OBJBf 5.12 FlO\V^VoiLrME RELATIONSHJPS 



Eik)w varies da d funcdon Dipr^uure^d tLingvQluniir„ Hiehij^knt idles irfdufliivv are wen dl high lung vnlume^r 
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RESPIRATORY PHVSrOLOCY 



Inlrapulmunary Cirtjl. 



FulrnonaryvePn 
t'a len ude oi heaiti 



Pi|]nin-n,3rv 
firlerv (frum 




riE'UF.i 



J6(M 



FicuttF 5J3 Emtrapuimonarv Blood Cikcuiation 

alood from rfit rl^hi vynTnde ot the heart perfuses ihi? lunfts 
(vid rhcpulmtrnaryiiriiffvl ^l a retdtivEly hj^ r^ti- ^dgipm^iniiilelv 

i L/mini bu^ under lo-h* pre^^u"!^ idnvrnjj; pre^iur*' nf abfjiil 
fimmMB) Pulmonarv Ldpitlary filesusei envelop llieal^eoldr 



r'lNecl ihe □■VBejr^l&d blotrtJ and rtlurn rt lulhe lefl ^Ide nf [he 
hean Hn di^iribii/riEiT" hj (hp'-ympmitnirLiiljiiori In a normal fcWMij" 
acCuIr, rht lun^-^ conrain aboui 75 mLoE bIcKHl di>>irlljuiHJ vaiiribly 
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AWeoliir Capillary UnJl 



Type I ^venlof cell Tiehlcell Type II ,ilveol,-ir cell Su^iacE>lctlvelEEV^?^ IsuriafUnll 

anrfnucleui I liinirlirjn'i \ \ ^ » i_ 

f \ Limel|jrr)i?dic5\ *ivi''iE.ir n.irronhjsc 



\\* 




lntikr<;|LEiUTii 
N^rLiiEid celt 






dKi^olor cbI 



tp|l junct'on^ and nucleu-s 



fk 



^ 






Figure 5,14 Ultra^tructure of Puimonarv Alveoli and Capillabies 



lis euthanize au-fu^ ifiirtii (Iw lyiic I ■ilv<Tfldr tells, ihe bci'^nn-nl 
■lernhrane, and Ihec.iprlhiry endolhefi^l cell. The 1%'pe II ^Kgctar 
celli. ^encJp *ur<arliinL wJirL^norm^ q thin byerover tlit fltjid riiji 
Tflab the sudice n\ ihe ahnwlini. AtveoiHE matruiihii^ mi^rale out 



(]( ihecapillflFi^'^iindcini be iciintlinllieinleisnrliiniufihe alveolar 
icpiacif AHhiinihf alvtrolusirseff They wrvero engulf inhaled panic 
uldlcs and bacteria, 
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Pulmonary Circulaliun 







Vein? 



F'irlmDiijrv 
CinruldlfDiu 4mm htgk 



Hure5=meari '-. 



Duliibul 

ArLrn^l 

(mm Hg 
Ih 



Jondf I'ulmoniirf Blood Flow 

Akenlar (ireuurp 



I mm I igt 

i. 




i' Zone 1. Alveohr picssuic ex 

] there is no bleed ffoivlo th'a 
I dre^, Uccui^ irnly abriDrmally 
i*hcn4lvtinliir pressure \5 ft- 
(TMied or arttnal pr«iiiire i5 
rcrduced 



Zonf 2. Apl?ri;il pr^^ur? 
tyit^'td^ dIvfuUr prsKiiw, 
dncf alveolar pressure ej(ceed% 

venous pressure- Blood Hw^ 
vjni-'i wilh f!il[ifrE-Tice befween 
ancrial and alveolar pre^^jFe 
did 1^ gr4>^[pj di hoirom ur 
zone thsnaF lop 

ZunP J. Ro[H arte'fjl and 

venous pjessurcs lihU-L^d 

depends on arteiiiil-venthis 
prHsurc drtfeiuoce, which ie 
lon'^liinl ihioiiEhciTt (he zone. 
HecauiiearrenalpwEsurf^ 
iniK'^^r'sdfjwn ttfuyr. 
lr,3niiniijifll presiiUiFe becomes 
ffejlei, capilLirie^ dJslt^ridr Jiid 
FHi^ianct in- flow (alls. 



^i 






JFicusE 5J5 Pulmonary Circulation 



Due loEhe eflecu Ljf j^avily, bloail l]ci%* k mat evenly dislribuCed 

1 |ir[)ujllioul (he lunK. As a result, tfio cjpllljnci rnlhi? jm-xul ^lic 
lung ^rs ^mo^i compleEtly cujbps^d and bload rbw rhrcuph ihem 



IsnTlnimal, bui srill (>(:< uriv Fbw 1^ aljjenrrt slveolar pfesjurtJs 
increased le.^.. po^ilive^reshure ver^lilaticn] or ;irl»ri2l prp^surt- Ic 
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ilila lion/ Perfusion 
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iVCi>nUilii>rtHii\ilh low yenlildlion/pcriusion ratio 

1,1 







Hypoventilatjnn, 
iKum^l pcrfii^ian 



B. Cond ilions >vith high vtnllUliun/pvrfu^ion r^lio 




Normal venfiEatiur, 

nu perEusion iphv^^ctloRic de^d ^piice) 



Norm ill vcndiamj^ 
hv[>n|»irrit^Gn 



VsnliUilKjn 
DThbol 

flow/unii 
1un>^ vcjI 




Bifrlivf-nillHiiloriflnri 
Wood fl-DW are ftrsvily 
df-pendenE and 
riecrejw? from boMurii 
VVQt (1 lop Dllun^ CradrnnC 
ralia of blood flow is sleeper 

lhimhaii>fv*'nil|3ir[jr, 
so venli bdo n.' pe rfuslon 
rdtiointitJitsupluiirB 



BnlFom 






ficuRE 5.16 Ventiiatiow/Perf*jsion iVa/Qcl Relationships 



"'j^jIv -allccis noT onJy capl'lnry |>'-rki'iJ''fi |>h.' Fij^nr-' S I ij ttui -ilvi'^ 
%ip icntilation a^ we1t. In ,i n eref I pprs^n rht'ranom vtniil.ninniii 
"-tfuslonjVa/QcJisgreaferihan I atihe apicosite., lnEh veniilallon 



hul low blood flow? whereas [he ap|>n'^ilp k rri]9al the base^. In a 
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Puimonary Vascubr Resisl 



EFTecb of chemical and humorii^ jubsldnrr^ 



lipim-phrlnr-, 

norepim^plitliii?, 

(inKlarensin, 



Vd vfCo nsTricTors 



Br^yklnin, 

ptrnhHiialivlNiie. 
i>Qpfolerenol 




Va^GlJNillQia 



FjGUHE 5.17 PULMONABV VaSCUUB ReSJ5TA^:CE 

Pull mirt.^FV '.cisaibr rc5i5l ante k inlljeni-td Ifv j number of sub- 
stirnzes hnpi-iiiamlv, ii de<rea^ In .fkn^Lir Poj ccpn^iiii is iIif- ^nvn- 
olo ppFiu^jnK ih^it Gk&oluy. Tlii5 laiJi coiLlrd^l lu rill niher viiKulai 
bediin the buidy, where a deutJfiw ttn I'w^ dHji« ancrJulM. This 



uim^iP response or jl»e pulmon jit -BMrncjIi-, hf? li decrej^e in dvtb> 
IdF IV^jhelpi ensure ihdi Lfnij-ijuifdneialnoraerjiedflivwiliare nrj 
petiuseti. 
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^vtftctant Effects 



Drop ol waier wirh 
surface lensiori cjl 
71 cfynes/cFiT foims 

J ulrih'jle :rr> 



Drop "I w-i(er mheri wilh huusehold 

dplergenl; ^uiiacf fpnsion redunpd fo 20 
dynesi/cni artd ihus iwaler 5pre;ids out 



■ Q\iS& ^e@U< 



Mrnctirl 



Hadiu^ = 35 



Radius -= 



^ 



? 



sliway jdvediel 

NciJ/iiK"- fir<|^^Ljir ul 4fH[i inn mi HjO 
nesded ii) mildLe aai, [Atvu(?lii^) wl|h arr 




Rddiui = J5 ji- 



::? 



Inflated Terminal 

sac lalveolu^h 



Aj] Flufd Culbiiu-d lermln^l \ac 

Minimum surface tension is 5Q dynes/cin. 
iV*i niurh j*i ?0 mn H ifJolnep;anve 
pi^surr nev'df^ lo inna[c s^c [atveclu^j 
during 4i]i Jnri ^ijb^«d|L!«n.[ brtd^^ 





Hiiid-filledBlnAray 

'iurlHEUnl -.liin-itiFi \\\M' M 

rell^ 111 fiirrrnnaJ ria<. Irtlve^plnsl 

NeRpitvepresikncnflOlo 100 cm Mdnnrr-olijaiUi-Uyer ol^uriacunt 
HnOre-eded lo Innate ^t latvpolu?) iFnrri! fluid layer dn liiirface ol 
wiTh [i1r lerminal ■!«( lalveoln'iJ 



Surface tension i^ S dynes/cm □> less. 
Nei^tivG pressure oTDolv 2 cm H/0 needed 
lo inflale ^aclilveolus) [o rnjMmum 
diaineler dunng 4lh and ^bseqirenl b«ealhis 






f ICURE 5.18 SUBfAOANT ffFEOS 



[■urT^iTlAnl j^ pmdurfrd by tVT^ II al^-^f^raf^f^EI^ l^<^^ Fl^po B.H] lu 
'■lajnr compDnenl ie ihe phospholipid dipiilrrnlov'! pho^phatidyl- 
Lpiolme. I[ acli lo reduce iheiurfiice lensioFi of the RLuldJined ?|yeoli 



rhL jkL-oli Failure Eapfdducesirfncifnr aFnaunisoftLirfactani, jc cj^ 

occur in [irejnalure inl^nl^, r?&ult^ in Jn inOEd^ In E^G^OEl[ ol 
breadiingand respirjlarvdislre». 
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O,. and CO, EKchan^ 



PAltiWiivBnFOj ^ndCOj Diffuic 



ALmlv^ 

5urlace>Jinin;i Flu ill 
AluHuJrir <:^i[helium 

Capillary pririnihtlium 
Plaama 



R^ bbod nil 




CO, 



JnlrdCellubr fluid ^-~~ 
licr]Lu^[>^jin mutptule^— fr 




'V- 




r'.'_- ..■■.' mn; Hi! | \i siltprirair d| 

Pc:Oj = CimmHft j dirWHiynpenrriB 



Transfer of O^. ^nd CO; 
Between AJvpolar Air 
and C^pifl^rv Bliicpd 



r 



Poj = 40 mm Ifg 

PuJnhjriflrviirlcrv 
imii?d venous blood h 




CjpilLaiipi 

Nornidi] 




0.25 Sti *}. 

Tronsif lime (set| 



Pr^^ ^ ■« mm Hi( 

rulnionjrv vein 
(iirtenul bjood) 



1 



- .i 



f ICUBf 5.19 O, AND CO^ EXCHAMCiE 



^5 bJcFod rlo^i LhnnnihlhpalveolajciipillarY^O-cliffuwslrcunihe 
Lilveolu^iiiro rhr n?d hlocad cell, wiicrt- ii luncd^ m hemoRlobin. Ai (Hl- 
sunni lirriH, CO.. riitfuw* oul oi Lhii ryd blood cell ^nd inly 1>IH ^uyu- 
luk. Normally, blood rrdki-rbtb ihi^ j-rthre le/iRiti oi tlie capillary \it 
(!7'i second. Wi[h<nir['asmlciirdlm rjulpul, iht irdnirt lime I5 
reduced l^ullttjuiHlfrdiion ofblood wiih Jvi'iiliirO] dnd COjSlii! 



Dctiifti^lh iisnsil Qnici as (Ofl a^fl.^ second, In^omedistdw^^.r 

(liE'rpli t"nckefiinBOl-l>iiiilvE'[>iiir-c[ipilfarv wjll.TliiimlTiqlh rhi-di 
hi-^tan ofUj Jr^d CO, and fsn preinenl lul.l efluilihralion of hiood 1^ 
lliealvciuUi gj!.e^ dunnftlhe lirrte re<|Uiri-il inr f|i.-liln(fri lo Im^l ' 
lerijith 1?) (he cdpill^ry Lduhcd line« labelled 35 E^normal). 



loe 



, and t.Oj Ej^Lhdiig.1.- and Transport 
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Normal VenlilolFun 

CO2 produclinn 



P03 = ISUmni H^ 



in^iredflir 

Pd^ = 101) mm Hg 
PCD; = 40 mm Hy 




Alvi-ular Hvpovenlrlalion 



PcDj = 



rOj |]rlHluclill1k 
IcDiulanll 



PQ3 = l^flmrnHg 
Pco. = OmmH^ 



(el«valed) fl'^Poiar vcnliJaliun 
(decreased) 

Wwtfd vnnaiii hlocd 



fc? = Vt nsffl We 



ln^iri?[lair 



/ P03 = BO mm Hg 
] PCO3 = bO mm Hg 





ficuM 5,20 O, AND CO* Exchange ano Transport 



- .i^.hl-ir Uv|n)vi:nliIJl|on, (lluiliJled here ai J paniat blockage jjI Ihejur^vjv, rnduit-^ iht al^«j(ap Po^ dnd increa^e^ ihe iilveoldrPco,. Asa 
--nil. ihe anpFljl WrnxJ Pu^ dedine^lhyiKnu) jrd [JtL> jrtLiiJl liluoit Fi-j), iincfeaiEi (hvpetcipnijf. 
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0,/C0, Em 




Ovygen Trjn^jHirl 

Oj rn solullon m tHasma 



-0 DOJ mL Oj/l 00 ml plasma/min Hn PO, 
O, combined Ailh Hb 



OiiybenkUglobin Ui^Doalion Curvr 
<,iitiH 7J. Pn:i, .iLiriiiii ]lH. ir^O 
rnun 



l.^'Jml c^^nHb 



FJJrMuJ^rreiim 



Al^etilf Redbldflid 



fa ■£[' 



Eflleins u[ PECh, pi% 
arvdTfiinperalurFcKi ; 



O I UJ^oualian CurvF 
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jr iJl- 



; 4"- 



1 r 1 

20 40 bO AU lUU 



■![»- 



CO, FquHlthfum Curwt 

(ftBTnurmal drlpnal iiri(J VpniHi^ blomJ I 



Wxed 




-f^—r 



^n in kW m iiu 

Carhnu DmkiifeTrjn^purl 



KedWood 



iu *u tfl fln Pdo 

Pflj^mrnUpjl 



M J41 SU 

l^lij linm Hgi 




I 'I'.'rIlLirririiiil ' 



BiurbufuTt 



CQ] fn pJivii-cjiscjfiiriun 




Hod, J, PMji 






RCURt 5.21 Oz/COj EWHANGl 



[Jiirlnfl eath breaUi. Oj and COi are extlufi^l icrOiii thealvcobi- 
pulrronjivcjpillrirv mpmhiane < we Figuie 5.l9f, Alnxisl dlluf ifinn^ 
(.afmed [u fhe If^^uei is bauniJIiJ henoglobTn fHb]- □n^ a MiiafI 
JiTiPOunl lsdis5Dlved;iii-j iriin^puned in plairtii ^^hown tn the (i*y- 
herriDftlobin di^^rxuDon curve, Hn' l^inding ']f D, To Hb a dE'pen- 
dcni on The panial pieswirt^ nf O, iHo^J. Thcptiri-ni ■.aniralmn tjf Hb 
iS" ii*aboN(97.5'l'awbpnlliePosis anUmm Hg In tdc ihiFMi midEUr 
panels iJn-t'PJpTi^ 'fr CO,, pH, Jiid jE-mperariiJc on ihc <)»;yfiH]-n(fBlri- 
Ijin diwx.i3[iDncurvGafe4hij*'n.Hb bindhifi gTO. jj decreiis€?d, 



.ind Ilii>r4*v nftiuadrng ul O. to The ti^uei i^ inL r<»H«^ hy Jnne^*-- 
l^ro^ ihyporcjpniah, decreased pH (atyriii^i,!, fr Increased bendy re 
pnjiuri- (f*-veih. tOjlTamlheliibUP^islran^pDneilldrj^tflv iTilii'^ 
EyrmotHCOi". A^iTirtll amniinl i^ Iran sported in Ih? d 1^50 kod lorn 
and sjjrrn!iiv[itrripd in the iorm oi cdrbflrninnhpmngliubFn Thu bul- 
lom ItiT panel iho^i llul Ihn CO^ emjilibrrum (diiiooation) cun-p 
much sieeptf rlidri ihaf fcr U^ mtilch nwliy ihp Pco, dirference 
bcrween jrlerjal and nii.ned venuu', blnswd j& wnill (aboul IS nini ri^ 
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ChdmJcjJ Cnnlral af RcspirjtiDn (Feedback Mechanisml 




sjpharyngeal (Hi) nerve 



Xl nnrve 



aUDodoflecB 
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EilblDad 

]ihnlPtOj 

. ro Icpwer 



fc— 



Mi-rliillj 



Ulin>d PcG, (pHj 
Cerebrospinal -^ 



6. Phrenic nerve 



6, Inlermsl jl nerve? 



Incerciraliil miiMilm 




r)ijErlif.i^n 



7d AcceleralerJiPspiraliiin inipn3V!»ven(Hal3onfli*d 
EhuE rcnib ]□ nDrnulIzi? Pu^, FVio^, snd pH of bknid 



carotid dud aortic 
tirHliiis i<?i.t li 
respirfllorv center 
Via i^D^w- 

VdBU^ rLerves 

t 

5. Intpul^tn Irom 

cDnbdl dtEiDo- 
reit'|il»r!i iWHich 
rewirLilurV t^nlf?' 



6- Imputaas from 

rtsplr,ilnry cenlufs 
dosccnd in sprn^fl 
L'nr^j 10 n'iii h 
diaphia^tm via 

iniercosld mtficlE& 
via ln'rerc[>\[al 
H^vfii; la incr?d5e 
DAleand dmpllTjdi' 

oi rssplraticn 
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90 



lot) 



4^i 






HI 5.22 CoMBOi OF Hespiration 



TniralcbennjFeceplitrareHJ'H'tJ l[^cl^1lnB?^^^a^te^a<P^;^^J^bwl 

ii}^,i| ft) m pH FIcv^EhI Pfri, E»l .Lrti>Eial hlrKirl Kninijld[<'^ central 
-'i-nu'lwr^ifli'f^f^pfoi^ viachangciln thepH&TChefeiebro^pirTal 
Min inlcrslilral fluid. TTse rncreaspd Pcoj refills rn a diXrenwin 
nid rhi^ in iijinini ifitb*^ ilip rdlc .HKJ <iMk;ilfru4lL: i»| r^^piijiyori. 

".rf nil [JwrmwecepiDrE (car&iid and aonic bodies) ^i5e changi^ii 



In Ehpi'riiUii^ fckjnod PeO], Po,, and pH, and send slRnd^vuL tbe^lo^ 
spphanrT»ii(E'al and wagu^ nerves Id ihe brain^lem re^piriilorv ncnJcrir- 
\he ipi^rt^j'-^ tri T^'^urAiiiry rAif \ir\t\ ^mjiliiiiiie bi'iin vji\h i tif^nj^ \r\ 

arlEiri^ Pn, lhypci>:iJi or .i d9cri>asD in jJterialpH i^rnedialed by ihe 

peripheral chemorcccptors. 
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KuIg uf iJie lungs in Acid-Ba^^ Bataav 



"Add Loid" 



CO, 




U-udy 



R Alcldbuik Pr[>ElurlM>n of AclJ ancT Alkdli 



Mdl ICQ, « 



■It] 
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Carb[}hvilrriEi-l 



Far 



r 



to. 



1 5 - ?nDD[i 



S-LUnlainiriB 
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PlwiPiphati' 



HnSO, "I 
HCI L— 

HCOrJ 



hii i^lk^ll) 
■^D IPCld? 



T(rtal 70 (acid) 

I m[.q/k^idaVDlnDI>VG(dlili?ddd pradtjclfnn 



Ji- 






u JU- 



15- 



in 






Unrornppnwfeii 



MerEibolic alkaioiii jf 
Uncomppnufed y 



/ Mcubolltalkjliftbs 

iind rpspkarory aL.idau<. , ^ 

N'-fm j| buffer Ure 



"-v 







MtUiuljC 



Melflbnlic flrrdosis 
Bnd r-Fipir^Lmrv .likiilu^ls 



D. Aiid-Ba*!' n^nnfefs 
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Aridn!;iB * 



7.Z 
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7j 7a 



MElabcDc Kkkm^ 


PH 


1 '^Jrpnriun 


SLjffen;.jPCO.,|NAi 
Burftrs. 1 PrOj. *NA£ 
Suri^s & f NAt 

Buffw^ A+NAE 


* 


♦ 1 HCOr ! 


Rfapirararv adiJiHs 


f 
t 


t 1 l-ltOi" 1 
f PCDz 
*PCO, 



p, Perkins 



FiCitJHf S.2J AciD-B^St Baiance 



^, Balh IhD lunj!^ and kidnev5 lU^Bn iiwrc rn .ind-basp balapcp. 
6, Our riiHi and cellular nicljLofi'vm arid iitid .ind^Jk^li lu our^r*^ 
lem. Inn n-picjl m[^Jl-naFiUin]n|idiel, there i^ iht jdJilii^n M-irldlcf 
«iir bcniv fliiids. to , j'jjFTirlFmp'" reftfrr-ed la ai "VEfUiite acid"! sen- 
eraled [ly LartHjhvJrdlf jnd fat moubollsm, a EfFrHTiHy-ltrTunaled 
bv Iht (unp,s and driM ncit normally afrecf aijjd-bjse bjhnce, Hcirv*^ 
I'Vtr. ijilure !□ excrete ihe CCJ.. cnn -iIihf miri-bjie balancE-. Nt]*i- 
v^l-mlpdcidlea Jjciit atjdj i% buJfercd by HCO,- irt ilit^fxEr;ir.-el[L'' 
lar fluid. T7n;kidrirv"H niusrn^nelelhli nnnvoljl lit' jticf and replenl*.h 
ihe HCO/ u^ed lo rieunnlizp rhesi? jluJi. Tlip kidneys do tiws by 
[■fiFCling Lhc jcid ;»nion With h*^H, <(bFi^rrinpV'i fl(i<J ekLfclL' H", 
wbicli al™ THulis in ibe addiijuri i-[C<J| lo ibu c3irjL»'|Julaj flmel isp-e 
Fiyureb.cei. Ihe iungs scir^c as ii respiralory 'bufltf" |ha( ffln 



rp'ipnrcfiiuicklvdnd rumot^ lerge quanlllies dI vuIjIUi- and ^fi"' 
hyp€?rvenli] Jlioi I, TKp kirini-y^ [^kehuurs ordayi In rp&pgnd Ip nT" 
^ddba^i? imKildnce ijnd do wu Inr^dv Ijy varying thp Lirniiuni m' 
Nh^' I'KrrplpH in itie uriie. CaiidCHIiir^tratPflclcthaiedJwrdt"'' 
[■*«ullir>RlTcm ndlerallon^ In llic Pii>. In^iraiory dlsordtrsl or j^r^ 
Eihrini Pn ihe |HC:0|-| irmjCflhiPic diwrrier^j. VVIieri dfi imd-ba^h- ■ 
lurtjiinceucLiir-,, iiHrirellvl^F iprlmanly proltr]rr>|<jrfd tiAlrflf t^Nu . 
Ipnmjiilv HCn ,■! htilfer^ nunirnize ihe chdngp rn hody iljid pH ■ 
^ddilJctn, \hp lunRS can adiusl Ihe Pcn^ tn cnmpenijte for pneLaJj. ■ 
ll^norder^ (intl rhc (iidnevs t jn sdiusl net acid eycreiion icmunfn 
wlelorrpspiraHjrviJrh-^rdi-F'., Nnrr- Nei Jtid cvcteiiDn (NAEj 
JFidudesdCid ti«r^]ed Wilhurinjiv bulltr^driddi NHrjH^iiiis 
HCOrluii InlliPunne. 
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■■ Exerdse — ^ 

^^^ 




^-■- Recovery^ 






^^ 


__^^^ 


BodiK^JZ^I^^^ 




^^ 







niirnile^i 



far fnilinL ahrupl risi- and 
^hJTp Iprmindl drop In 
venlilaljon 




replralorv center 

fromniolorpjlhwi>i5 



PropnncifpHve 
fliTerents rroni 
loinTJoccpEar^lEr 
re^FraioPr' cc-nieri 



□rh«r unhnown 




1 a J 



Fii-liiFs Ihdtl mdf play J 
pflrl in (4»nEinui'd 
elcvjirnn oivpnlUnliiin 
during canlinuing nprciv 

..^-r-4 -V 

Ritf Iri bodv tPlTlpe^ 

sni.lll ^Arl ^r i:li^'.r[ian 

Re'iptr,i1nrv neiiruns 
seem In be mrjre 
re*ptHiM^E" fnth-rngp 
in cfiennutteplnr 
uiTivlrv. Ceniers may 
lie niDfc 5trL5l[ivc- lo 
^luiilEj^liiirLlhan <□ 
iil]^}!!]!!' V'llui^o'r 
Prij, Pm_r,^■^fH 

Lacnc acid production 
ikic to arraerohht 
m^Qbolliin In rriiiMrle 
Mav IncrMse H' 
CDpcvnlraTln ol hlDod, 
f Nu^ ^pcdnii chcno 
fiTeplcpr^i 

TPceplrt" in 

exerclslnB nwide 



d^ 



^ .,:L- -> 



Other unlinnsvn factors ' ' 'IRN 



FioUHE .'5.24 RESP:BATORy Response to E«lfCi5H 



f<emhi' incrQa^es ll>c demand lor delivery i>f O, ifuhp ti'^hM''iH -ifhI 

i>^esnelinri of CO/, [Nilh [f( i-vhli I* ri'qunc an incrpaHi in the venti- 
jiiitv rale. The WirmCaiorv rale In'Tfa^'^tonfurrenily with the cser- 



( rh<'-iii[li][nJ in(rL'a5e in cardiac output (repFpf^enled hf-re j^ an 
■noe^^e m hpiirl rAiel A riui>ibfr oE \ALlor-, iff irt^o^ed in Ihis 



leiponw and are indkaled. 
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Obsfruclive Lunp Di 



CeiiErJ^rinjr 
iCL'nfrllohuljn 



PiMendml, iiiler- 
comniuii IE fiFin^ 

Bdiid 



[nvtflv'nenElciicL', n 
tiL'muiii m^ikeni in 
upper p^nnf lung 




Fi<i*JHE 5.25 OB5TIIUCTIVE Di^ease: Emphvsema 

Thii niiiire hiJii hW5 the Ki0!i5 and nucfOi-cciprc Jp|}f>iMnce of a lunf- os 



ii]]|f [--Ar>i in 



.1 pcfsori wrthctniriaciiiaricenTroJE^buldrhemphywina, 
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Uaximiim Eipirarcfy Flow-Volump f utwj 




a- 




r^ 




- 




\ Nornidl 






Ob^nictiufi 


\ 




s 


/^ 


\ 




1- 


/ \ 


\ 




■ 


\ 


V. \ 






k i 


"r 1 1 1 





T| C inrEP^^Pil Iafki -Iv Iji-Uii';*.^ Dt 
increawd RV and FMC, VC u^jJIIv 
dcoviUEid bill irt^y benurm^l 
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Lung Volume f LCfi&l 
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VaL (ERV) 
Vol. 4RV] 
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Vtral 



FuncUDnal 

Rif^iiJuiil 

(^flliarlly 

<Fl^O 



Ob^lEudion 



Vnlumt 1 


-VC 






F>pii-.i|iir^' 1 
Rewtvf 1 




p;™-T=^53 




RniduaB 
Vol. IHV] 


- 



I. Perkins 



hGlP»£ f;.26 Ob^TWUCTTVE LUN<i DiStASE 



.I'^iriii.livenilrTKHiarydiwa^crrlrr^ |o a proup ol conditions (e ft . 
—^hv^-nii chrorik bfonchitrs, and .I'.ffiETiai dll rilwMth LJust^on- 
-CS3 nlbipJihdddob^truciinnocainlrikv *;hown her<?ii ihi' I'IFii'i ai 
***re Pfif >liyiP'n ii i>ii imlptKiniirv lunclion. In empli^'sen*^, inflaFmE'd- 
m protcKK dc5Trov lllef"rJ^^(?l.llv^?1lt^^ut'D^^helu^K,a^(ll^pfl^li^Ll- 
arihi-eJasric (ibcrs thm help rnainlijin ilir fjaiErw-ynr the jinA'iivi<ij?., 
AbHc ri?niil]. "nitiffnif, lunRcotnpiiance !■! innpii^'^ rhf detf eased 
-jjsiif recoil r(siillsin ctiNap^c of airways dunng e:^piriiiirin (a (hekfm* 



fETnH^liJvii-iniiL iiifiipressinn, see fitrtJ'e j.T^) end sir ir^ppny. TTiy 
rrspfwd jiirrptiuff'in JnmcrtiaieinTlCindFKC:.!^ ,] lynilf nj a Wgi" 
increa^ m HV. In «-idiUli[v>, rlvnanilL'tErmpir^^cmol rhe jlrway prr> 
lun^stl'itruiLiL'rie^pir.irDryvnlLinieliilherpr^rFj'CiindfrEV.S aswcQji 
Ihf icjrt,*' i^^ipiriJlcjf V ilow rale mciiiijr?dp^' ibe ml<li1l<' hnlf ih" nypurd- 
0Gn(l-h1-iv— ■■> llEKidi"'* Uit' VC initjftured a'i liirced vilfll cap^iinlv 
[FVUl ft only JighUy dpncfl^raJ, Un-vCfi fi&mJl i^c ratio ofFEVi/TVC 
i^i l/pically less tiun 75%. 



I 
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Reslritlivi' Lunj; Disc" 
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FicuKt 5.27 RESTHrcTivF Pulmonary Dmase 
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HciKlritlivepulrnDnarydiH-ai^erefei^To Jinniup ii' discrcFers thdi 
result in an mcreiist in [Fiecornc'c llvi" Hs^ue cj( the lung [*r,g„ fibroin 
likeotiirwdll ihitkrfiiri];* Thf tncreawd cflnntrrr^'e Lu«w? reductf^ 
lunfti_flin[jlijn*e, ni,-|lnnj!il incTCj^inj(E*'diiiiciil[ la 9:ipand |he Kjnti 
diinrij* in5|^iDliijn. Ai j ti^uII, ^irtujlfy all Jung vftlume are recTuiL-d. 
rnpariJEuUr, i|'>shn^^■^ l»ere, [lii?ri> uin be rfiorked dt-irffl'^ m ILC 



Tie and VC d«:rL-4hed 
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I, pprfcir 



and VC (nieasurH a* rotced vrtal c^p^j^ JFVC]), Tht fm^d P^pn 
Kiry vdiimcjnlheflrilwi'iand fFEVj tsdecieased in proportion lo 
FVC, so the rj!if> [>| FEV,/FVC is lyp^cilly nomiaL H Ih*.- FVC rh 
mdik-dly defeased, dm mlia rna>i nen inLred^K. 
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^fe 



MM 



^*LURf 5.2fi Tests of Pljlmonarv Function 



■■wiiBurp Hlustr Jtcs pulmonjry furmlldn Te«4 Jnd □cmp^r^rive v^lu« for normFl [unRS flriri dlici^od lunasiobslfuctiwp nrrp'.LriLiivt 
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Pulmonary Function Testing— cont'd 
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nmir Ar 



Pi IMUIiIv ftlfcu. ninnvirthl HR ol VeMHillO" Jrld pKriuMim auynr ^liim|-. 

1! Jv JiHi bf aii*m«t hv dlrfu^.n lii^rch 



=111 i 



<!□» mH Likcpjrl In Bax-vfvuirtC 



ShuiflftanJiin 



□rHin-mncir 'rum 



EIl-v. Jlim indii ,ilh> incrL-aw d aiPQUnr III IMniil ^■4THi' 11 hkwK* pnm-mvK 
^V^lcimc E:i|[ulalli>l >SllliiiuI 1 ofnin^ uila riinr,|(| Hllh d^'COldf Jir, cflhia' 
befauit iir phu nBng nf WhimI pal lunp Hi ItH sUt ul htpui nr wrliBi™i nl 
rri^n^r^ lunn A^kpcli «ii nat^enUibrd 



Figure 5-2B Tests oh Puimonahv fuNcnoNj— coint'o 



4 



f 



Til* li^-uri- dlijilrfl[« pulnwnafy luftclnjri ipsra and ciimparaiwe vatuvs lur nijrmjl iung& ind llonsiieb lungs (obslruclive Hf realricd^t 
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Analnmy of rhe Kitfar 



\. Anleijor aurTdCF u{ rfgh I kidney 

bupwnor eWrernily 



Id lerdF margin 



Inferior exlFEniiiy 



Ri^hi kpilnevipcfionfil in ^ciifral pl^nes^ 
t-xpij^mspdrenchvind anil rvrul sinus 



Carlfni 
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p«?led oft 
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PijpilliiDlpyrajriid 



PenLiI column [Pl DettJn) ■" 

M^IulbrV rays 




Bl^riful \eisft 
pnlerinaiciwl 
p^re nchyrni] 
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Mapur cdlyrpf! 

Renal p9luB 

F^lln rcnjl (inu-^ 
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^i 



^ 

'm 



Figure 6.1 Anatomy of the Kidney 



Thp kidneys are paired felropcriioKiealjlndunilrKil("Bfln*a[ the levpf 
or ihpTll roU vc'i-ebfat.Th^-vprEke'isrheblcpodandpiiriidpflfein 
lli.e iciilnwrna ll*^neril lLinclion.EL; ( i 3 re«uJ Jlmt (IlmH vihliime and c<^(vi- 
pQihtian, C^l e»crelii>H nieEatntJit Wd^i-a^nd removing rorpp^n chemi- 
cals le.s_ diups* driri ilkF-ir melLibollrK Jiom iht blin?d, and I3j fufii:- 
[iDnirm d^ E^ndiXTin? orfiani. Inttindlfv. the kid(icy i^ flividni into ii 
fortes and nedufJa, Jjulh ni ■^hith contain ilrp nephrons (approxi- 
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mtiKly 1,2^ mrllinn per kirfneyj. The medulla rcjrm^ 6lc I'i pvr,]r 
Unne ywel^ (he papilla ol a pyidnrirl mtii rnJIpcts in a minui (jly 
minor calyces join |i> U."l^^ I he majar calyces and lln?n ihe pelvi' 
renal I'uliirurK im" Hertrri corui^r ui coftjcqI nephrnii M.-unwni', 
wHf ren^ ihc mcdulljrv r3y> conlain nephfon ttgrn^nls thai c^Ec 
inru ilK' nKslulld. 
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GlumL'rular 



tndolhclium 



fSfl?en>em 



SmcJfHh 



tnnvnfDieri 
lubulQ 



membrane 



BaM?mciii nmrnbra™? 



Pirieial epiiheliuira 









FenealraleU 
cndathcJium 







EllprETit 



Figure 6.3 Anatomy of the Glomerulus 



Plaina pi hl[cJ"E7d aE the alon>eruliJb. J\ie fillritle is devoid oJ cvV^ ^ni 
vinuflllv ^11 fjrr>[rjn*^ (finr*" ^^rc]lel^^ and poptidcr.s ih-3l eresmaUerrn 
silt [fun dJhiinrn i»rc filtered lo Vdryinn drsrepv! The endolheliuni 
ui the plonieiul[i% P-, irnr^tiiilinJ ,inri servMto pi«\'i.'nL [he UltriiCioEi nl 
lKE<E,cHiilArFleriipntt of btocd. ThcbiiiiPnienEinEmbrjne^riv'v^rdl 



epillielljUel(^i|jodocyrp^ipreweni ihi? iiliEAiion trl ptd?im4 FHEitein^ 
Th9 nuruLi denw rmonflor* rln'ili'Uvi'jy <i( NjCI Nj ihe dislal lubL 
Lind *v] \hii M/flv 'i'"l|^ r*'[;Ni^fp aen.il plj%rnj flow jnil Ihe glomEru..: 
flllrjirfin r-ifp-si (irocess cdUod auinrcRulairor*. 
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Qoffltml.ir Filtration 
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(CFRJ 

Gloirteruljr 
fillr^ltait 'a\e 



llnnf Jhulin 
cDncenlrrir'r>n 






Urine 
volu«nC/rnln 



50 10(1 liiD 20Q 

^rfeniil blood pres^jr? imm Hg) 



Fm;ure GA Glomerular Filthj^tion 



V ullrafillrale dI pli^ma i^ produc-ed atlhe Blomeojlus. ln^devdiH m 
-^^nii kdplnrilty riN ^»ri]lL-iit .SJrUll nliilr^c ub-i. JM4l klllf. .tri^ 

■nliil CDficenlFaPonii §inil1.ir in rhose nf plji^rij. Ibe ^liirm-TLildir 
'"ii]n ra^plGFRl i'^ri<'i[imiiiH}<JtivilitiiLirrji:t» jfoa jnd jicfniozbil- 
; [he ftlo^n;^\llus iK,] and ihe Starling lor ce^acroii^ ihe capillary 
Inir^iciiilrlldry hydro<.Mlir pjcs^re pramolo^ flllr.)tii:in. wlsD'oa.s 
-is dp^uldr hydros Ifllic pressure and capjjliiry colloid o^monc 
.TYolicI iirE^v.un' |ii>rtHrpli>rl hy tlif |ib^niH iJiuLeiins Li|i|>ii^t lillr^ririik. 
"■-*■ f]FR is fciiicivolv conilanL, dcspili? variations rn bloctd pressure 
i_e i1U rnr?gijkl liml. ChnnacN in inlrflC^^illary liyirj4J>ildlii pli-aSii'e 



i<re rh-hiirinhililf lr>r nhvhi"liiyjc r^iiiLilaliDn ll^]\^t CFR. when ac\^ 
katc?d, sympathonc nprve^ conscrcl ihe iiff ereni ^nd pflerem arten- 
oIh'.. rHiJ-uc-in^ intPiiiHi Pillory IiviIki^LlLil. pF'^^SSUri: JiUJ lltUS Ilk.- CfK. 
AlfliouGhnolshG^Ti. increased delivery [hfNjCM'i ihp rn^cula rienti 
Hecnw^e^ the CFR, wbrrcjsducrrMrddclivr'y Irtcjcaws rhci Q?fLA 
number oJhi.iiinones can alw aller rheCFH AnjunlfriMn II, es^^u'lv 
HI hi^h cnncenlralion'i, i.'nn:^lnL:[t Ihir jH^r^nl ailenolc dnd r^uci?^ 
Ihe CiFR. Alrfal nalriu'elic peplide and proslaglandi n f , dilace ihe 
Liftereni iir4erii»|j^artH JniYi'dv ihe GFR-Thp r.FRcjM bp iYkddsi[ri>id 
wilh inijlin. 
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Ren;>l C\va 



Clciinince principli- 
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V unnn ptr 
lunil II m? 
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rhroujih glomerurf d"d 
iittretcd by lubulci 
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rnlH |ili]', iiibuljr 
Ml rnJifHn r,i[e 
C» = C.FR * T, 




pJa^mii cleared 
(Jf substance IX) 
per uml lime 
Itlejranrear!^) 



Subsianc(-<Vj rrliered 
ihruui^t ^umviLilr ,nnd 
re^b^r^ivd hy Tubules 

riearance o(X equals 
^Inmeoii^r l1lEr^[ion r^l^ 
mrnij) tubular if dbwrplinn 

C, = CFR-T. 



[lub-sliincc fX] nriered 

le^h^orbFcF by liibuli^, jnd 
ah(f secreted by lufHiit^. 

Hlon>erLiljr iFhralionrare 
mrncjs hdI rrdb^o^prinn rale 
irrplu^ nci^t^rri^Fiuitriile 
C.=CIK±T, 
I\ <: or :> Cf^^UN 
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FicuRt6.5 Renal CL£ARANa 



ThE iGFuf ttyaranvp of a ^Lb^Tirtcc urnvi Hes ixilomialcur i^n Jiow ihar 
sub^ldrirr- F.H hiinilied by the kidney. The cleaMrKi- njimiltn provide 
a mta Eure -31 ihe tiFR. II ^ ■.iibHiante isfreelv iiJierrd ul Eheglrnntru- 
lu'i Fintf 11.1 clearance j^ ie^^than rJi^l rH inulin, ]he sub^Unce it rpat^ 
Horbedhy BhynrphmnrCcrversdy, lithe cieararKe Is flital^r thin 



Ifi^i -ji (HLilrn, [fien iho iuS^iance is secrelcd lay iht neph'an hifli. 
ft*iand6.7 Plfuiiirdri- rn yrt^lerdeloil ihii hanriling ni ii iiubildnu' 
IS reabsorbed ir-R., gtucGsei and j yjlrtfance ihai u. wnnrfid (e-K 
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Clearance: II 
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HKlNriPlE OF TUBULAR KEABSOHPTIQN LIMriATION ITm) USINC GLUCOSE AS tKAMPLE 




0«JnHTin 
ConcenltiiliGn ol^jco^ein pkiMTU. 

and cansequentiv in iiliraEe, i'^ iei-". 
ihjin real>iBrprive capacity ni 
tubuki iL 1^ hilly leab^ibed and 

ncriD ^ppe jr>> In unitE 

600- 



AITjh 

rinnenlraEion □[ sfjcrfip in 
plasma, jnd consequtrtt^V <n 
lillralc.ispu^l^Li-lTpci^nElnulurite 
reabKirpliv^ c.;ip3i ilv ok I ubufe 



4hiPvc Tm 

CiiiTCenlrrfi|i]iii]| aluco^? inplQ^Tno 
■iwwi cunf-Mjui-n rly in filtrate, exceeds 
renhsuTpdin' ^LlDacll:vo^tlJb^lle■ 
E^lucusr^ ippeari m urine 



u 



^y 



y 



y 



y 



y Reiitn.NfH-d 



'TX 



Amoiii>l 
reabHirbcd 



JLKJ 



Pl^ma i^ucQse (mg/'dL^ 



hUU 



um\ 






CURE 6.b Rfr^AL HANDllhJC OF GlUCOSE 



jcose I!, filtered al (be gtomenjli;? and lyatrtorbcd by rtie pro*imfll 

-nJc Nornijifv. net gluniti- apptjrs in iJie urine becau^r nil o( llic 

,«*e.[ filim>>'^ [^ reabscubed. However, iA ihe plaima toncenHaUon 

T ^icosp IS incr4?n'''^S (f ^., ditirfii occur In diiibele^ rnellrlusj, glil- 



rimr jppesrs in Ihs urine. Thenjfefe, thiD renal clearance nf ^ucatc 
ivill inpcrefl'^ *J iht ptusnia concenlralicin ol glucnrfti? increa^s 
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KenjI Clea. 



PHINCII'l£OfTI^RUlAH5ECRElJQ,\LIMITArJOM(In>lUSINrpP^RA-AMISJOH||'PURATf<PAHkASEXAMPlE 




Bi-litwTm 

ConcQiiirdibur* Dr FAH in pJabnia \s 
less ill an seoeiDry cdpscily of 
■uIfuIe, plA^m j pd^i^ing rh rouf^h 
lunctionol kiitnnv (Juue \i enririjly 
dejredofPAH 



MTrn 
CancGn[rj|ii?nolPAHin plflsma 
E5|U>I sufTlciifriiiQ Mturjle 
^CtUctErrycapacJlyEif lubufe 




Above Tm 
•I Contcim allien cf mh Jr jjtasni 
tMiGrfd; secTcrnry cdp^iuiy i" 

Euncriorijl krdjif^ [iMue is nol 
emlrely dqart-dofhAH 



2D ■!() 40 5ri 

Plasma PAH (miiyEfLJ 



^ 



FrcuBE 6.7 Renal Handnnc oh ftVw-AMiNO HjPFURATt IPAHJ 



PAH ii, rrllered dt Ihi: fi|n;neri]lu5 jfid ^ecreleri tnla ihe lutiular HiJiJ 
bv Ihe pr*jxir"dl luhjule. Al Nm' plfl^ma TAhr coricenlrjiFnn*, vk|u,-illv 
;ill rh& PAH IS c^jin-I^J iniu Jhe urine. Al Ihis poini iJif f learDnce of 



PAH apprtwfmates iJie ri>hjl |]l,i",ma flow. A;, (lie plabma n^tnt ir. 
lion PAH[*intfea«illhe5Krclorvi.iip-id[yi><lhe prrninuf ru" 
ise^ceedL-drfndtfieronal tledrnnceof PAII(J«Tease5. 
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Rub sorption 
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FK^^rRf fa.8 R£NAL Na Reag^ORPTIQ^ 

f-<:<l Icjd lF1_1 is nlciilnnetE fti; Inllows: 

Z^pZOO mEq/day - 160 L/daV y HO nlE(T/t 



Nonrwllv, 4^% or more Hi ih^ iHl*;!-^i Na' h irabiorbcd ^lonp the 
nriihrpii |iJ?M onlv lOn »> ^Ll(l niEq/clay is excnyltdi. Dtpiclcd here 
are ihe primary nirc'hjniim^ for Na' r-e^N^fik'plion, Afso si;mmfln«d 

IS the ppFi-enr aJrhr-fllieFed|.oaiU>fNa' rcabwubed hy PrUh m*r- 
mcn( Lirnl'JiPiPcl[(ierifccnn^(Ji(ileirfuT^riniuli3re or inhibit r^ah- 
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ADH Secfeiion and Acl]o^ 



MtLHAMSMOFANJIDlUktlK llOBMC>NMN HECUMlUNt L IHNh VOIU.ME A^D LONCESTflM 



A11H Jb pcuiluh i-l1 IP I vLijirjop I iL ^i id pji d^ ^iili-|i i 
LiJ""^".lu< oi" hvpulhiiliiimLra ,inrt rii'Titnct dNms 
nervp liljuriln ni-i|F [ph> ( ir i|jh^ =is 
iiVliereilli^turrri .*=J5I] 

r<K Eubbn|u ciit 



Hino[fi-«rrHfJjlil\ arirt Vdriime m adFlie d IjV HuirJ 
iTiljj9(ni,i|ui|jdrEinFwal|. ■Adk'r jnclrltckrdTli? 
''^i-hsiypa- "illi liisui"^, nums-il j>r palhcil|inn,il 

IIKJl-mal;lK!.VWJlu1 I^Omilin&.(lMrrliiu); 
Jrn' InLii tiudv i .\\il\i^ (-Ibclre*, pflu- 

i\oni (HlurttitL[im;iElv^h«nnr- 




ndcJH' Jh inrn'fcGd hv h IrI> 
bJnijiJ [Hirhj|,3[i[v jtlPTlIn^ 
li|-pDlft*lim|( i.smo(B- 

tilktud vulu me iitliH~ nn ^ 
[hiftllnL jrd rarntitfl 

vnliirTLe rtLiVH'"': In" 
iBmaLililv,tMhiphJilDi>d 
vll^ulnc inNbll AIJI | relEJia 



In IJiVrfnrpol ADH, blnml flnw 
tu rpfJidl medurJj ,i dtminbhrtl. 
llhJ* ilUflmonling JivpjeJlijiliLrly up 
ni9rii]fJ.irv inptniirriiim |jy rHiriinii?- 
inndpplpininofiiijkJU* v^bfilij'iH- 



AUH iL.iubcs"'alb(jii-ftllH:l|nE[rui.l][uLc[iPmp 
rriDte pivr'-itMbFc (rn* riler ,lnd Ihub pipniitj ifi- 

inciliirEqudiijrJLiijranriillnrnpliDncil A-ileium 
l^iL' hvpen.inn ir.LcniriliLim, .-| ini ill voJiimc of 
hlpJiry Luncijnlr^lrtl ilrmp * Pfciirij-kHT 
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FlOURE 6.9 ADH JifCHETION AND ACTJO.Sl 



ADH reguljit!. ihc volume: ji *arer piui-eitd by ihc kkjnev^, lis 

secretion l^^ rpi^ulaleiUhv ihe OHiiolrflilv nl Lhebody flurdi Jiiil ih.. 
liluori volume ^nd prPKidic. rhnmBes in iiody lljiri crinhLiliiy of 3 
few pcfctTHl ar-e^uffraenri-] trRnPik^inily slier ADH '.ecrerniii 
Detrn^hes fn blood vnliimc dnd firessure ol IfJ'^, io 15% or moreaie 



i>eedL-d U: effeaADH hecreriun Ihe blood VfJ^inp^nd pfts^un. 
ietisurs are founil hnhe largt pufmonjry vt^',e^, dicijrimrf ',inii- 
nsmi ike icirtit arch. TlPL-h^-biirDrecupi.tn" re5[Kiiid lu sireich or r 
vGi^.i ftcill, Which in lum h dcMmdcnuj^ Mixid wolun* Jiid iirii^ 
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WATtK. ION. AND UREA (HCH ANCF IN PRODUCTION OF HVI-EHTONrC UHINE (ADH PRE^ENTj 
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Figure 6,10 Conceniratiqn of the Urine 



~Sf tftcreiion cila conct'nir,iiL-ii unne recuiiK noimjl funciionof (r,c,. fncr-ea^ed waici iiFrnit'ahlliTvi. Under opnrniil romlliiu-nfi, this 

'*i(>Dp['KHynli'iir»pDninil.ii-ihe(hii-^ a'.i i'ri[lin>i limhl j hi%Ticro5- n«JLi1ii;n rht t«rennn o(OrS L/daynfurinr having an cftmDla[lTvo< 
-vMi "ifdullary iineiietium, ihe prssenci' oi high level^-'if fl^Ol I ill 
nt bfwJ'l, arulihtiiortnalrrtporiwDfrlipcuUpfiingdiKiiD ADH 



1200 niOsm/ke I KO 
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Urine DiIuIkm 



^\ \TLR. ION, AMD l;SEAiXCHANCE IN PRflfHiC FIO-N OF HVPOTOMC \^RtMi lADH ABSESJT) 



{ 

1 


/^ 


1 






a 


i 


!>^ 




No|u: fpfiLircs Riven jn- 
lixprnplaryrathcfllun spill inc. — 



k^ 



^>t 



fjti^JRi t.l 1 DiLLmON O* IHE UrJNE 



■Rie e*creliofl uf dilule unnt requiiK norm^J luFii Hun <if Iht leap ol H.t I. Nr>ft' th.il the osmoJjIllv o( flii- ^i^<ii.ll,ir> Fnlersttb jni i^ 
l-ltijile i«peda[lv Uip ihitk a«-i-iidiiitt lipnhf -ind tJve dj^ial tuhuk-. reduced. ThbrL^sulEi frrtm increased vjw iccu ljliH>ri idm Icom;. 

detivery ufii-fJei]ujrH^riiiiiiniboln]bulclluid lo ih«c -ipgnienls, jnd vviifi rfgun^b.iO) and urturcmov^il by Lhe cnllecunft duct 
Ihf jbiitni.-<^ uf AL>H, Undci optimdi (untLilhms, ihubceiuJli, in Lhe 
excrcdonor IS L/iJiiy »! unne h^vlrrg ^n □wnnlalrCy d 50 FnOsm/kg 
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^imiuljrlori 



rnhibiljon 




f skloslerono 



4 Aldusli-ri: 



MKhd'^i^i"^ ofR^nrn ReIebsc 



AfferprT anrrNjIf 




Efteronliirlenole 



4f^ 



IvwHcplK medidnJair; Sympa ih* El t nerve 

'^rpii&pd pie^U'ein ,iffi'rpril^i"^io|f iiifiil^iL' mechanivn: 

■=^nreJi?i]^t]TDrr jGcrlhlrrdiirrowiLdctrcjsoff ftj-AdrenprglrnprvesHimulaCif 

jt^^uie prc^mnles rciun relci^e Igrepn.irmiyiil rimln ide-i'* i^ccn JirowaJ 



Macula dcnsa mcthnnism: 
lnci«ju>d NaCi in 6iV^-\ nephnfn- mhihii^ renin 
releiue [red ajruwi/i det'^eieti ipstf pnif^iole* 
renin release 



- I 



nt (|.12 RENIN-AsJGIOTtN^lrJ-AlDOSIERDNE Sv^EM 



"■*- kdiliiL'v ivnthesizes ,inri ^ecrtfe"i fh^i pr:>ltolyln. uii/yrne renin in 
TSHiii'iH(i:niH[.rVrJ»if;Lnii[ioci pie^^ re and fluid vol jriK' lujjpi-r 
luv^l. F^fnln lebEise ullirnaltlyrtsulls in increased levet^ vi 
rfTitfiliininiriAllUndjIHn^HKnne, hnlh nf whirik ^Llmuldlf- N,3Cl 
p-ii| wa(fr leflbfuirfji mn liy Uic ncpliror* lAM jci^ on ihp prnxiiial 
ulc jnd ijIdo^ierftnF ^nt L*n ihf I iilloEiin^iliiiirl All n ^iso 3 
-.i.^MivisutPn^l'rtiio'.Thu^i^hEEibloodp'H^iiii'Ji^diljid volume 



are I^J^^, ihr rcnrn-anfiinrcniLiuldoilcione sv^lem ■icl=. i" reiKJrp 
baUi Thcrenin^ecrelrriyju?t[flylrjrTi[-rulpiri rlli an- lotaled pnmarHy 
jn lhr>iil1iiL-jil JilaiolQ ilowc' paneh. These celK re'^pcimil duei'rly 10 
changes in artpn^l (ici^'i'iUft, dlltirjlknis 111 ^ymp^lhelic nerve adivjty, 
ajidnnlhedeHveryalMflCI[o!hema^il]3ider(SJ.rtbhrevjaO"QJTS AG. 
Ang\v^i'iii\rn:onv&n\ng enzyme; A^'/^ alnal ndtriuretic peqiide- 
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Response to Jncrea 



Vnlif me ejipariiion 

I 

tSvmpa[hi!Tk 
M \\\i\y 



in pronJiTHJ 

mbulc 




Lifudildiln 




Jadh 



1 Wa'gndHjO 
cnlleclln^ duel 



W 




\=J 




■^ Aldoi-LHrnne 









FiGlJRi 6,13 RiSPONSE TO VOLLM£ EXPANi^ON 



Tti^kirtnevs respond to jfi incrpimH rn rite volume or li»^ir.irflctrHular 
niii-J f volume eipjrxsJonh by Incieasmgllieir cxadnin cii V^tl Jrd 
waler. Tile iiirriury rPiH< h.inihm^ In thU rt&ponM' me ^umman^ed 
EnhaiiCLKf NjClpicretmnreiufL^fruiUdninLTease In Ihf filfer'ud Inad 
[pr NdCl [increased (J P-K I and Inhrhiiirfn nf N;iCI reahwrpllor s!an^ 
llff nepliron. thi^ occurs betiaii^ the 5>Tnpjllit[i[. ^mJ rpnn- 
angioiensin jWo^it:rLnic-!.ysipriis jie iUpprtiStiJdfid Jtniil naUiUFcUL 

U2 



l»eplide lANP^ Epcredon is ^iBmulaled. Tlu-rfciUfn'iiif Ai^ruppn- 
(htjir Iff ihej^njminglmensin-dldiiftlemnesvsleTT". ANJ'IrTi.rediiL- 
CFR and rnhtbils colktliPiftdurl MaCJ ffeabsorption. Tli9 kirlne^ ^ 
nrnducesilso^nnainurellcpepbde called uioJiLrim, wJiirh njr- 
iribulei Ui ihi^ fpi^k ph'.^. Decreased lovi^^ oi anlidliiretlc -hcirmrT- 
(ADIll cjuse inoeised ^aler enuifLicir. AhJwtvjj&on. flCTf, 
.^/mkflensintonveninji er\tyn\ii. 



■FSpon^e lo Dt'trea^t^d ECF 



RENAL PHYSIOLOGY 




FicuJtE 6.14 Response to Volume Cor^rifACTiOM 



fc*d (voljFTtecornracrion) by decreasing lhe>rexcreriDn of NaCI and 
malGi The prmijrv rnedianiim? in ihi? n?spor>«" arc ^ummarijod. 
r^tiPdiHTd NaCI Farrplijjn Frjburis from ii df^ipiipie in fhr fH(prpd Inad 
-T vj[.l (decreased tihH) ,ind ^nrnulanon oi NaL"l reabsorptron along 
'*' ni-phron. ThKnccun becau^ ihe iV'^P^l^^'-'li'- -^i^'' ri-ripn- 



|M?]]|ifEy lAvl'j u?[Ttlnin I*, biippres'iifd Ihe iivnipailielir iind renln- 
angloler^in-ildo^lerone s^-slems decieaH: the CIFB and <lnrn]|ji(t! 
pfa>;in^al lubulfrand cDli^cTin^dLicr NaCi r^^bsoipTinrt Increased 
Ipveli nrfflniiriiu'eJic hnrmone lAClHj cause cfeceiiwd water e>o& 
ion. Abb'evJM/on- Al-'K AnRiolpn^irfc-convpnin^onzynic 
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Potassium Excreti 



low K- Dlpl 



r^EHmaCanif IlighK' Ditl 




67'^ 




5^-30" 



IS%-BO% 



PririHiral Cell 






S[iiiiirlaleK~ Kedb»rplian 


f«[(?r^ Thai iMler 1 Faclon ThiJi iMlcr 
K' Secretion iSrMViuIaliO h' Serrelion {BnhibilJ 


HVperkali-rtiia 


Low A~ di»[ 


\r\creaseii uiirM^ ttcp'v lale 

Acute and dnxmic alkflkrei* 

Guunk iitido^i^ 


Acutf dcidD^ 



|. Perking 
ui 



FiGUHt b_15 Potassium £M:ll£no^ 



The lnJneyp; are iheprimarvrouleFore^icretionolK' "L-nn ihf Imriy, 
andlhe jmounlcvcfeled t-arif^ WFfh dlelary H' knuke Dn^lchv. K" 
r^iel, only aboul l%onhp nliered Toad flsey>Lreli-[L Wilh -i mjanjj or 
hlghk' riii'l, vdryiny ifmnunli 01 h Jr& txcrelpd- Wmloi (he K' thj( 
\s e-KCtuWd under these ccmdinlons n-n?rrl» K' thai is sccrofcd inin 
til.- Luhulgr flurd bv the colloclinp<luci. The pnnchpal cetl c»r ihp cnl- 



lecnnGducE;ixfc(t-^k"rWhile (he inJercjIared It'll -jI iii\- quU^imj--. 
duti i\ Lhou^iL 111 (►e involved In K' redij*ijii>lrijn iunng a lort K" 
dii-L Thr mechani'ims gI K rpjb?.arplif»n by ihe pno^lmaltkjburc j- 
fhn'l* ancending JiTib i^f Hfnlc\ loop are depicled m Fij-sire (j 8 jj- 
iNeseare nol \i\fiu&^c^ by dietiry K~. 
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Cjfciuin FifTPtkin 



PhniphiEf E^trpilini 




00% 




Mrduldlion nf Ca^' Tramport 
ilJpE'j-taijfd Evrrollum 
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*ECF 

f Pi intake 


Pfowmal tubule 


Sotvenr rlrap 
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PnirifTHl lubiitt 
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F*4]LiRE 6.1G CALCIUM ANii PnoM-HArh EnrumoN 



C^Him 4 itabmrbed jlo-nslfiP en [Ire nephron. Its extretion 1^ regu- 
,*«lbv p^irrirhvH^ml hiuni'^mi iPTHjr whicfi j' i'^ tin d'lk 'i[ iln- ^■|l^^,ll 
'^nik' fd ^iPiiiulalt: rejlEorplion. LhjnjiK in lhee\TrjcelljL"if Utiid 
■ !■' vfflumcil&iu'llti:) Cs'" excri-(li>n, H"^cvtTH llii^irdlefis 
ni^t!^ in NaCi reab^Drplion byih* proximal lubule in rpsptinw In 
.iH« in tCF volume (i« riRUrt^ f>,n iiiiri Cf.l4j jnd i:i no| 
vi>>(i<MJ ai maFr^BaininE ^^'" balance. Phn^phaie i^ prinarilv reaS> 



^od?ed bv ^e pr^ivrmal lubut? It^ ^tLcreiian i^ also te^hi^ hvfTH 

whicb acts nn the pronmiil uhule lo inhibil phosplialp mabioipOBrL. 
CHjn^i?^ in Ihp FCF vuluiiip dku ^Ir'tcl ptii]i.phjl<.'i>'<;L'ri.>[ir»rt Mdh- 
eiei, IlkeCa", the reflects chanRss in NaCI reabsoiplc"" by l>w 
lirrixrrr^l luhuli:- In rE-spnii^l- Ilk EfHrtjII-^ in ETF dlirl i^ niH ib i i u t id M 

nioljiuynjn ^ phu^phdle bdtanc?, 
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Renal NCOi Rea«>&urplioPi 
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Figure 6.17 HCOr Reabsorption 



Biurlinniilif 1^ "eelv Altered and r&ilj'irirbed by ihc proceis oc H" [)iildim- s>f.' ifit [jdmdrv fjctrtrii th,i[ feguJale H iPCFelion. Howc^- 

'.KrefKin alona the nephiDn NDrrrallv. all iJie fiilered HCO3 J^reab- a niimbpr ojulh^r ^jiI-^its (.Jn ,-il^o rnfluence ihe liidncv'4 ablllB>' !■ 
«4)risiHJ ^nd noriE app? Drs in the urine. Ch^ngc^ in byslemic acid-base *KreieH' arnJ ihui reab^)rf> I ICO,' 



T1A 



tmal Prnnuclion of New HCO, 
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VuliiiHe add 



^ iN.iA 








Kiiln^ir 



rJl-144'dCid 



NelAcidtiCEfilion(NAEj = (UT.iV) * (Lnh^iV) + iUHcD--itV) 



\[inTPdlk U 



mn ncl pvtipl^un ^ 



nirjTiun iif Urintf Biiff^n 



PrndutUnn dnd Excrelk»ii of AmiTiDmu m 




J. P«rkJm 



Figure 6.18 Rfnai Prodlioion of Nhw HCO 



thL-k>dnev5 FieneiaCn nmu HCO,- rorejilenah (hat *t>idi islfBl dimna 
i|>' liiTdrron [>f ihedjilv acid load- TTiiiaccurg by the protpv^ f W npi 
ilCid C^CT'^li'"' If^iMI)- Norinally, iheerlirp ril|pr*>d lc>fld ul HilCJf I* 
rvab^orbed [weFignip^rl7L iiitd norxrappeiir^m [he iinnc- Tliiiv 
priKESsdoariOl produce new HCO,, ^lUl^ilTlf1^ nrev^nls Lis lo&s 
rronlhe tl^dy^^J^^HCC>|-apHl(&Kedw^lelllHel(ldne¥5('M:^eleH' 
«p|li urinary biifier^ rUie prlm-irv uf liw burter is pho^hale] and when 
Thi- k-Jnc'h'?, prfulULC ind e^crelf N| 1/ , Hip pTOdjtlcn and excretion 
111 NH(' Is the mtai imponant componeni nf NAF hera4isi' ihiat 



procei-^^ ,in- rfgiiLiii^J m 'l^s^^L}l\u.' iq acid-base di^cniJpB^ Audoiis 
h.|iiTHila[wNl-r," pioducfron(tTumgl>it5iHif*ir^fhieprfTVimjlfuhmle| 
and 11^ HUtTi'lifnv whcrtas alLilnsis mhrhru^ iNsp pnMt^t Aciri-base 
fial ance is rnjintained vvhci MiXE i« die ^ame as [he dailv .I'fd l"iid. 
A'hich II appmiJnia[t4v I rnFn/kgbodv werfthh'diiv Mitvcvintfoiii t'rv 
Linne irincerlraiinn ul rFTrjlabJc acid; U.„,. iinne i-onfj^rfclrjliffcriiil 
ammar(um;U»LTJ, "nnei--in(-TilMlli"iii<[mrfrlj(inalp. V " urine flov. 
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^lulnmy ul Iht? K.idn4.'v: Tho Nephron 
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Figure 6.2 Anatomv of the Nephron 



rhtf nephron^ r>f ihe kiHrey '•H'^'' !^>i"e^i''f in smicluredepenrlrn;" 
on iHic locjiioii fH thpir nlonM?rului. Cnnical nephrons have iliGlr 
ylrtrntruli >n rht ii|i|Je' '" Mff.trlijirtl (jnriirtn (li |ht rt'r'e*'. Th'^'^ I'ur- 
licdl ncphriDns hdvi> ^hail loops cf HcniD ih^t GitPend onlv InlQ hHf 
oijler zone ol Ihe medulla. Tfie glumeruli oi luiVamedultary nephrons 



3nf i(w:aleclaTilie(:nrlH'^nie[l|]|lii'yfUni.Tlon, The*? ni^ihrorn'^ have 
lonfi loops or Hcnic ihai -cryicnd deep inro rJi e Tnncr zone ol Ehc 
nlHll^J!Ll. ITniTf drt mdriy rnort U'Jrlnrjl Miiin JLiMflmtfriuHsry 
n^plirons 
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FiCUKE 7.1 ESOPHAGUS 



Thp Mophaeii& Jres posierJor lo rhe irarhea and emends imm iJie 
ompharynx (o [hesmriiH^'h I [ propels food 4nd iluirf (o ihe-hioniridi 
by pi-n^ldlsis. Ihe muftile of |ht> upper nhird ui [iw sscjphdiSus rs 



^kelelJ| ihe lc]iA.er [lirrd Isimgoih rnusden dnd Ihe midtfle UijnJ is 

TTli*ied ^hefelal anrt ^muoLh rnuscle. The muyjlFiT w^l'h of [he esop^- 
jgut turm an outer lunsiludmal And an inner circular I^ViT. 



140 



C^slroesophageal f 
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mucDW 



III — Crculjr niuidR 
ll' — LcngiCudinal musdc 
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Fundus pr^finach 
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[lf>ngrrudinjl mLi.Kle> 



FrCUHE 7.2 CASTRCJESDPHAtiEAL JUNCTION 



Tilt: smoDih niiiscle ol the la^er e^n|ihagu'^ incrpaw^ in ihickntts ^1 
ihif junfilon with ihp sinmatln ^nJ furms Lh-e luw^r tTyph^BC^il 
sphincter iLESl Thf 1E5 I'P^ where? ihc esophagus passes ItirOUfih Hie 
jFjphrasm, and al ilii^ poini, |he e^opha^al mucosa channea la ^Ja- 



jnd lh(? TIID5I orad, orc.irjJijic, p«nrtiOn cf Ihc 
Hvp rplaHiHion) to receive Ihe iood boKnTOm 
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iJ-znrnniH&lndi&tal 

.1-5 cm f>i ei-Qphij^ua 



Normal L^ lane 
■5 phvaruloBic 
banier la relhix 
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V* '^ 



MyiHenlc 



HfinnOfijI 






Figure 7.3 Lowm Esoph\C£A,l SPHrNCTFB 



Prti'.idlMsi^ iinOiiJjdbvthtvoluniarTiinkinois^aJlo^ing. wfudHs 
tiMi Trailed bv etiemr I flbE-rH In iJie vq^ik. Va? jI rlbi'r> hvri,3(iiM- i>ri ntj- 
'onswilJiinllii'TnvrrrprirpHibiemejic netuni]^ ^viiemi ol Lhc 
e^4jphaEUb Thi" mverfcEenc plexus lUnilly tnn-lmk (he perrstaflic tvan! 
by altprnflk'ply ^elaKl^gUle^c□ntrdL.■^rngllle^lU5clHa^Ll^L■l.1[llIlli^ 
gll5. TNesinooUi mu^de in^ fcjim-i, in ihitkn«4ii[ ifie jurcdnti ^ith die 



miiTwchflndrorti&diPbftvPri-v^phjgejJ^l^lncEerillSj- Nprjn^llv. 
[he ri>^lin^ EQriif dl Oie LES \5 hiRli, wliidtpr-L'VE'M(', ihy rt-Bnij of yastni 
n^riifnlHifilrirhpHophjftiis. Ailhy purlitslocWQve carrj&abulus i- 
fiKjd m ibe ■iicunath, leleju* ufniinr-mide [KO] arnd ^jsc^um- 
Inlesoniil pepltdi? lUIPl irnm npiirrn'i ol ihe- mvenleriL fili-iirt iTsiuHt^ 
aelivjiiLjn oi Uit LES, Lind rood enters chc ^ruFna^h 
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Enteric Nervous Syi^lem 
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SEjh^fr[»LJ5 ple^u^ 









wcliun. mclhvltnf hUie. K2CH)f 





I 




^vbniiFCD^^I plenum (lungilLnhr^Ml 
^pTilLDn^ hi'irrjiLi«vl<>'i-''c^li'i -'-^UU> 

Liiinen 

Mlih:uI[|ti^ miiiiiviH 
ElrLiiiiir'E'^ gliinils 
SuhmucoM 
Circular muscle 
Intt^imu!^ uldr <ilrun~id 
Longiludin;iJ mu^clE' 
Suiftntfui, cimnHlivells^ue 
VtMcral penlrnn-uin 



^^: 






Figure 7.4 ErJTFRic Nervous System 



Tlictnliiniiciiinprvjitionnilhc^ni^llandlarReinle'ilineisliy Ihi-' 
rnlerir nHrniU', ^ysk-riv compriwd ot i^ neural ruHwofk in the myen- 
ii-rirlAuprbjch'sKind ^uhjniHUsdl (Mensite^'s) pleMiws. The mVE^rv 
i>-ni pleid^ 1^ [trim J iiJv Involved in coin ruling mil LiJirvL wheiej'' ihe 
iubmucowipl'ifxii'ipnnirtnlviijnlrcjls tIufd5CcrcdonLindolriLkr|HiDn 
NcurflFB [ji (hia^ioinmicrcDnnft-i wUhftrie^riCfrfu'r .infl wiih rhe 
reurctnji pmc&i%e^ oi llw.'aiifltr^imiicnprvous syslpm. TMnsmijher hiiJ> 
5liimf, imoreihan 20 difterf-ni 'ine^ hiiv<>l)ii'n »ili'riiilicdi ^iich m 



ACh ^jcelv'lchiilinf f, iuhblantf F*. S-HY isenMnmr^ VIP.viJ'^.mTiv*" 
mrih^iHLiI fn.'|](iclei. NO (nioicaiide}, tfirnL*r(iiiidiin. and J hos of o»iH 
peptides jre cnminnrtly Fouriillri llu« trilrinurnetiions. Forshnvle, 
ACKflnH 4ulrtljnc(?Harci?ndlJlCHVlO linnKkth mu^lt w*»t^vr 
iind NtJiirf inNliiluiv. OpIimiilluiii.lioiiiniitilUKd lfdtt<nvB 
coo«dina|i?d Inleraclioni between a IigsT itt pndncmrr p^^iw m. Mmt 
iitTirocnrie siibslEinccjr 
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Autiinnmic InnervaiBi 
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FiCtiKE 7.S AUTONUMIt JnnEHVATION 



Hie innervarfori or iIie? smjJI jnd liiri^e Imictirui^ r;, bychpsynipa and dislnbuie la cr>lkEi>ij[ ^An^\a (celiac, tupwfyjr iriFsp^riKitL lllF^ 

Ihcln. and pflra.synipailieiic jihpr^ ii( the ^iiiorwnilc nrav^m?, sv^leni, noj fne^enicrrc? Pirjfympailipii,- irtMjri, rorne hum tlie vjrue jrd 

VyhWh tompn^i?!; \hv eMnnsic innervjiloii t,! \\,<- C,\ iratl. 5>Jiipd- pelvic ^pldndink. Wiw^ l^J-SJ). 
thetit fibeti. oriflinale ironUli*- Ihoriiciikimliiir ^inal cord |T5-Lli) 
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Aii[ononiK Jnnurvahtm 
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'°PM 



*i BtneTjl, !iVlTip<Lilifj|»r s (lif icj^c ppiisulsi^ and ^etrrtlnrnolnr 
Aiivilv tie.. decre.iMed KlikI i^prfpllnnl, ^vhcred^ pdmsympdlheliL^ 
«:teasp ppri^jkJ^, rela\invplui>[flrv ^pliinclurfi, and increase «?cre- 
Tanolor dtlivHv [w , increased fluid ^ecretjonl. Feedhflrk Incp*; res 



ihp cenirj^ nervoub ^v^lem, espf-cially iHc tiypQEhabmus and! ils I'l^rii- 
beiwfen fhe pxlnn^irand mirmsir iiHinin^ of Lhtf bowoL 
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Aulnnomk dod Enlrrk Jnl^T^r^Uon 



AUTOWOMJC WERVOUi SVSTtM 
I 



P^MiiVSlFAThETfCDmSION 



SyniTHlhelic 



' PfcpanHllonic 
fibers 



"3 S 




SyMPAIHETH: DIVISION 
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FrcuHf 7-6 Integration of Autonomic and Emteric: NhHvous Systems 



Tliii Khernallc iumiTiirlzKi ibeauiDnonrlc, nnrvnifi "ly^ieniancf 
erferic n^rvaus system inltii-iJiLn^-' In.fik jnd coDrdrnJlbn rjlp;]sliic 
mnliJity, setreEiDn.dnildtiriurplion. The!aij(L>numicnervou*,av*'''n 



alonj! wflh ibf- i-jidinva^cLlar, cndorniii-, ^nd dpgesllve iyfilenn, ali' 

ji-jyjlrfli- iv|iliinchnic blood hinwhoth dFreclK' and ^^u Iheenlcricncr 



T46 



Uolilily 
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MUCOSA 



AKendinB 
loral) p^lhwdv 



Sensory neumn 
(mechanical, 

r li'MfiK .kti 







I.PcrkJn^ 

ME, MFA 

■^v.'l£J 



hCUBi 7.7 CONTROt OF PtHICTALSIS 



p>^ [fre^ence a) o ifcAm Ql lo-nd in ihi' liirrib-ri tti iht' interline 
:iift«ionlidtrifinof]hc5moorh iniisrlii .abirvelRreen arrij*^) 
iwJrelaiiiTiqinhelowjpeach jrri>w;> rhc bolus. Thl^ proie^s 
itr^ in d perisiadic wavp. whfth propels ihe bolus diiwri iht 



imesiinene., ir(>ni (hf rriuulli Inwoid fhn aniiii.l^K proc^^*, li 
CDordinatecf by lHi» pnlLinr. nervuij^ s^slem- The n^urors of ihe 
mypnieric piMus deprcled in this iIhutp roslrfp (n ihp rnii^culijn^ 
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Figure 7.j; Majob GI Hormones 



The (unctDnoJrhpCdracii^c-DnQolJedJivbtJlli neural [phmarFly 
p^rdiiympatheilt libLT^ui rPu' vdnun nprwp] j<>d homiDnal nitdtha- 
msm^. Flvi'fniiiiirrilhomiflne^ hjvGJ]M!nidi.'rififiL'rf. In addition, 
dljfg^ numberofQlhur-candidplr hormones," piaducBd h/ ntir- 
loendocNik; I l:Jl^ MaMprwl ihniuiib ihe muciMJ i-i |he stomach and 
in lE■stl^lt^, i\i<j phy ^ lol^ ■>■ ruguJii^UnBdnd noDrdiridJinKl C,\ IrdiJ 



funchoFi^ngMuted), niepnn>di-v<drnlfiiJini"nHheoTlief spccrndarv, 
actions of ibe f'wt Cil hrtrm-inei, jre summanzcd The "nnFRratinE 
molr^T Uir rnvdhefectrirr cornpk^" IMMQ ucritrfi beJween meals wrlF. 
^ periLxd ol ] Id 2 hour.. If *onsisl^jila wave oipenslalsiH ihalsci^f- 
lo dtdti thf GI iTJcibv rrmvlng loiiduei luodpjrticlesdisi^ll^ 



14a 



Slruclurp of Stomach 
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Hu^ne 










■d^- 



PyloriL pLinds 



(^ostnc D' iundic jjl.md'i 
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J ' 



FlOUHE 7.9 STRUCIUlfE Of THE StOMACH 



[he^iBifjceof Ihestuntach is dirnwn mio inimernus [olri^ called 

ruRae. Thi- tfpilhclium inrm^ K^slfic piti wilh u^^lftc ^lards al llinir 
hAh*'. Ihrte p[i5Brerttlylncrej'iF(lip vjri-ife area for j-^-miiao The 
glardidiffi^nn vln]cluieflndcellu]jrctiin[>c>',iii["iilependlnBijnlheir 
lm.rfrifjn-ThccjitHflL yland* are Jiurt and brandiech llit (itcdomi- 
narC Ctf^l Ivi"'' '^ ''^ mucuLis lell The miirou^ (.plls prodiice j w^rerv 
iluw-rnucini wcTPdnh ifi-ii helps liqueiy l:^^p Eii^Tnr cDnipnU- The gjs- 
Incor iundlc jjandsare m'k'vl "UHii*rou& and lurJii Idfir, ^Iriighr 
t^ldndt In addFtianlj mucous celhi, ihey ccnljin larfie nurribcirsof 



pjritftfll iHCI-tfcrEilinsJ celh and chipl, or rjmo^t-r] ItkcpiirniBtn- 
wtTcdrigl, fells The pvlcii»c glands jrehiarufn-d and are compirted 

nitiiliy of mudHi-iU'IK NeiiropndQCiinocell^ <G ifll^J aii: itnind in 
iht ifvltfri' ^inda and n'e ihi* cells ihar secri'lt' easlnn ^iprijfp 
Pl^nholiil ctilti, M^ luEJiid la ^1 regior^'^ot ihe ^romrtrh.Thty produicc 
aihick ihifih-mucinf mucuvwiifcch servos to pTDiecT Ihe HiFiflcp*:e* 
nf ti]e tlomach from abrasion b'y the inn4>hl[Tl"f[H)d. 
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Appelilt' ,ind Hu. 



Catarlne 




KEY 

Sympalhi-rk efleri-ni^ 

HarMyvipri ll>Eiiri efTn^ftUs 
'\[rcrL:nli lanri CNS corfnecLiui*.) 



HunacTLCHiiraclKNa in ilnmacJi 



F/GURI 7.10 APPETin AND HUNC.FR 



The wntarions of hunger and Miieiy are coinulex jnd inctude miilfi- 
pleneursl pjdi^ays, d^ well as cifculadnp hurrmine*;. Cp|>lctcd here 
dre palhv-piy^ mvDlv(.:i] in Ihe 4pn«lFon or huityer. Aflhough ciir 
(indifjiriiririiFiB r^ incfjm|jle(i?, ^e Jiypcnhildiiiii> ib kncivn [o play a 
Lnlicdl rolp rn contaJlfrifiappetiiD Ji>d (ood tnl-ike. When (nod I5 
Ingcsled, fholecy^iojunjn dnd CiLC-l lalucdeon-like pffpLdP) are 
fclcawd from neuroondocrint celb lai ihe Inicsline. Thew h-innones 
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^upprwh flppelrit Htul give ihE si.ii^aUon of wfie^ In rhe absencp ur 
lood, .hp levels of | hp^e honnoi.M are Jow, I onH-term regulation ur 

^ood inlake may in^'llve the hDritwne lepEin. which is produced by 
Fdicelk When i^n M"rt^ are high, ItpCn [& rpk-dsed jnd [hjufthl Ui 
flti on ihy hypclLhJldln^|^ lo supprpts apppiHi.. When body tniuieiti 
5lOfe& ai-9 deplewd, lt"p[ir levels are low. 



CKirk Molilily 
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TdClDK AfitfiilhTtgCiJilrit Emplviil£ 
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Clx)l«rr?<EDklniTi 
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pE-|)tldtlClP) 

(r.d!.lnri 




empiying 



Duodenal cumuli elirn lirflmonjl inhlbJlion qI ^^rric mipTvinn 




Scqiitncr af GulHf. h'lcXilily 




Idlilumdch f&llllinp. A mitiliJen^liiliic 
^vavEr ^Aj liJ5 5liir|ed in dntiUFTMn'! tfi 
niliinirie luwdF J V^\q"'^- C.a^P^c coriipni', 
jrerhiimed drtJl.irrtelvpu^cdbJttinln 
iHjijy cil ilomaLh ^_ 



Z,WavE|AjfddmBnijla5pVlDru'lnilsrn 
npen A lilriirifcnif' Wi3ve iSi [i,(prie<nminn 
jLlncL^re ami H ^gd^n ^quf czinK 



J. Pvio'LiiOfPT'-atwdveiBi inntriMLhL-^ li. 
DuoJenol hulh Is filltd, jfhJ Mtrrn' i ariLL:iili 
pai^inki *CtDndpnrtion ol dundenil.rn 




4. 1'vloniianainclowd. Wjve |L| fEil^lo 
EvaiLUdrernn'pni^ VV"jV(r(D) siaiQ 
hlEhDrurihoclynlihtmiir.li Dunsdenal 
Imlh may Ltnllr Jilt nr may reiiiilJi nlled 
iippri'iraHn MVdvc uri jmari Jig jiiii beyond 
II emplie^ wrand lurUon 



mnicnl'i artcvJCLioipd irirermUfenily. 
f:nnlenEvd(diiudcllLilh nib area yu'herl 
pasil-ety inin EMimd pijilhuri as nOrU 



6. Un^h^urililfi^ilomairhibdliniUlenilllV 
Sm-ifl |iiHft[a!ric: WdVe empllH duodcn.il 
bulb ftllhsnmp refluTPHlQ ilomach 
ki-\cric Jj^d jnrpfiraJy perbfdlBi'; pregpnl 
n dundurkLilTL f 

? 



Figure 7.ii Ga^ec Motility 



tNp rnodliiy of ih-- ^iimi.iiJh li under neural and harmonn I control M 
i(»Dd h ^wfllkjwcd, viifl^l effETt'ril? release vai^oaelivp inlt^Hn.jl iwp- 
iidc iVLPHortljixilif "ilomack Mivjrifi and chum ui^ l>I die rood 
ichvmpi ^t^uHs irom ccaniratdon* heginmrii^ in the middle of the 
slunwch and i ravelins toward rhepvlonj^. Ovtfi lidie, 'mall amDunt 
ofihvnieare eiecBed Lmic ihe diUNlHigrii i«nli e^di u'onlracliun 
rt,]^e,Tlifi emplyinBd Ih"' -.lomath viinti wtEh ihe nalurp ul ilw 



Lurilenu of iNe (i>Qd. For efccimplp, llie rale or einplin? li ilarch > 
pFoWin 3- faL Aho, inklliwds cmplv'Jcn*pr Ihijn Ijqiudp.- The cniplv- 
IdB ijf Ihe ■^icHTiach Is uko mnl-uJIed by hnimftne? tde.i^ by ntii- 
n)i!ndocrne<7''ll''""il''--dLii>denjm jnd(p|Lini]ni Thi'M- telU monnpr 
ihp inlf^UiialconEpnl'; and ihDnrnndulalelliL' rale o-r Ba^lnn-mplv- 

Inii li upper pan&l). 
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Gasfric DrgesI 




FlGUW 7_12 CA5Tlllf D((,ESTIV£ FUNCTION 



TI««flnTai:hie.vHiob.esklaodFniGsimill, mon-ta^llVdigeslible the moulh jinj slomach medialed bv ihp Pil'VPncF oMrneual and 

1i^«F™jniidd,f,t»n.ilbe«rnslhPHni>'r^Gfk-d,pe^[,.,noiprDl^.n^ l^il'ic lJpa^e<no< Uiown rn figure). Th.'paneafctJr,,^!™ secrek- 

lhrDLighTheacLon<3l|jt.p^in:indHainfiHfedstaiWi^.cmt,nuelg -ntrln^cfacDc.. which mmpJ-xe^ vitamin B„,Al«o»piion.>rfi„ then 

b,. hK.kcn tiom* by Mlivzry ainylef*. Sune fai di&«(ion bti^min occur, m ihe lerniiuidl pgrOon ol ihr ilfum 
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ic SecreUon: I 
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NfgriHnne Ri'^utdljun uf Add ^ccnzlJon 




Amino 
peptides 



Vdgal 
ar(erenf 



Ga^rritdcld^cTEtirrninrtiiLtrdiinclrncidLjrdicilby nervous ^ysLcmvl^iccitral&iiinuldilDn 
ihpDUEh vj.Rilcn"i?remsaFideniencpleflri.anribiy rnirJiTiurjIi^huruftedbacli liiop jnd 
A iecond [lan^ nr v^^iov j^jIj leedb^ck loop, holh^lirnulat^dbv^^lricanirdldi^tontlnn 






I'HE 7.13 Vftr.AL Cor^THOi of Gastric Secretion 

"rf%rric»cTe[ion,lnre5pori5e[OSiglil, imell, ra^r?^ and izhewinp oi 
! ii, inill;ili>d ^iiiij nirtdulalerl Ijy rhe v^Am nerves oFihe aulo- 
■LiimorvouB Eastern. IIsib initial '.rimul.^liun oUscrt'kiFinrfliir dcliv 

^^ n re^i^n-d l4) «■» ihi? 'c tphjlir phdse." the viij^l ^rn'iiLmfon acts 



vfa |he enrenc nervous sv^lem Id tnilidle ga^lrir ^i-rTefiiw ul ai W 

(HCl^ iinri ga^lcin The prewnce or acid, jmno acrds ?ind peptides. 
a*iAel;l,ih &aslric (tij4enlicin, eileclivelv slsnuilflles ihene:" pJi^senl 
gd^lnc (ecreilcrL rem»1 the " gasTrIc pFidse." 
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Ga.^lric Sei;reliun: J J 




LuiFTH^n 



H'-K^-niPaw 



SEcrelittMi d g J^rm- :if id iH'l bu parif ril n'li mcdialeci liy JieuiULiinc. pjiiEnn^, .incf cndccrijiL- iiuxfunrsmv 
MDdiij|yr^urgir-i(liliiclL(ideof[lie-wrni?d[aiiRni5affDnfc(herjpeiiLiL "plicjns 



Lunier 



K|?0 




HCI 

rfpUmM/l 

ICCt 

17jnWL 




I 2 

Rait<jfWcrE'IIUn ImL/mml 

GAiilrHL fluid lonconccmLralkifi 
d JunrEicinQr.g3^]ric^i]cri>Eicrr»i 



Final jLlivePAdMnge of hT for lCmedia(«lacrDM apical |secremr>> rti(-rnbrane by H"'K''ATPaselpro)nn pump) 






FiGURt 7-14 Recuwtiom Of Parjetai Ceil FUNaiON 

The p^rlrlnl Ltlls hprreles HCl v\i an H'-K'-^TJ^w |H' puniph CdJ- 
bortFf <inlivdr35e ivpilijfi rhtipirritiijl rePscflWJyzes rJie hydiaiion pr 
COiflnduliNndrdvrbtprt-JuctionoiH'.Thi' [nim'lijJ i.elhh siirrm- 
laled lOhi^crele HCIbv vj|iJleHL'JuJiUihpn,(pjrjiympalh0lic), gjs- 
(Jin, and hKiainine. Gaitnn \i produced ard relej.st-d \mm neumen- 



dtftnne C cell5. Tho cmtnu-hr^tmijlfin-llke cell% CECl celkl releas-- 
hisr ani me, viliK filled '.ynerBi5[rcjllvsvilhaccr>'lc:linline and ga^irr 
wfmuljle-iecreQon tomaio^rdcin Dnuinftl by neuroendocnne 'J 
cell! (nol4ho^p;a(:li,un The C cell Id inhibrt ^strrn FcLease. 
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Cvitrk: Secrelion: III 
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ir 



Mucosal Meclunivm 




Gasrncmiicc'Mandiul'fnucowprDreciecHiQmtlieniic.ilinnirvbv^H-icus-bicarfinniilp'.iirlii-L'harnef 
Ihal ripcjirilize^BisirlcH' -»nl bv f[>iihelia1 'iiRht ificiicms' ihjiprt^^nl H' iu:c«^to5ubepilh&l|alti«ue 



jQi-HA.aiue_« 



*HM 



FicuHt 7.15 Mucosal DffESSE Mechamsms 



If It! hiah-rniran-cnnlaii^lna mucus proriufsd tiv ihe surface E[iirhdiJl 
■ ll> pmilt<t^ Iho slomiich friim .ibrdbloT* and ptovide'ia relanvelv 
.>LkjliJ>e envirnnrneni 'u' iho upilheH.il wll^ Tlift inufirt lay-er l^ilp^ 



bicjrtmn[i[H Ar\d remiiins relaiivclYstdhlc. praviding jl fiH iii 7,0 \uil 
ribiiwi' ihu surfjcE epithelium, compared lo a pH oi 1.5 lr> rfip pDstnc 
lumer. 



is.^i 
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SmaJI Jnleshne Stru 




FiCURt 7.16 SmML lNTt5IIN£ SlKUCTURf 



TTiEi duodenum, i^jirriLim, andi1eirrr>rDmpji4E^ll>e^rtidhiile-.bne. 

AnjlomicflJ^', Ihe duodenum '\i rlie ■ihpirTesMeFHnculljtMiiit 25 rni 

Inmg]. while rlie (eiuiiumiind ileum are aboul 4i-7 nipiprs Inna. wrlh 
Ihe |t|Lingm occDunJnjiiiDi ilii i JF^ixiru^l IwrWifth* ok ilii^ lyn|irh. 
Conipare[[wJrNlli»?if4»lini, ihele^unLm has a larger drameler, Ihlckef 



"vrfll M!FCflier ^dwubrli-v, lL'wmi--.er]ieric 1^1, fewer Ivnipfi ihhIljIe'- 
fljxj hir^erand I jlltr circular fttlicomI fnlds rplkHF i ir^-ularejj, Thir 
ahqf irphv? sj'ldce Is Ijr^ifi In ilin ih-iiinurr as ethdeni in lh«bari<Er- 
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Small InlfMinu STruclure: II 
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Jcfunum 


1 1 


Two |f lundl 

Milli^>ilOU^: 

[If ft in 




K.-S f '' ^ 


CTtnl'a cliun- 




uS 


riRSit reCay w 


^ 


Sf 





^aSK^ii 



6^ -yt 



TViree-iJime-ri^iDrjl 

mflRnili cation U^ 

lyirijpfi Mirfiul-i^n 
Crvp^ d[ Ucbtikuhfli 
Mu^E'uldris mucDue 

LonBitudinnl rriLiwJp 



lejunurii llow power) 




Epilhelium 

Vil.lUfr 

Ldrnind prnprid 

Crypl oi Licberkuhn 

Al^flri^i^iixl lymph nadule 

SubmucDSd 
Circuhrmu^cle 

Lungiludlnal mirsde 



.ife^ 



lleunt IkiW ptrwei} 



Serosa 



fiGUHt Z17 Smail iNTF^nhit Microscopic Structure 

-■[[iiiuin dSiiri ileum hjvp a hrRC iiurljcr ^<V^ 'or ^cjcrollcn iind 
■r]ii](in The SLiFiace ares h iimrcdii-d liy picscncc otclrcu3,tr 
»«h I valves cr nug.'i of Ket<li"MK)^ ^llli. and microvilli. Because ihp 
."! lnte^lnlp priivifji??, J ljF(!e vurfacE (nlerface twtvwem I lie talpf- 
.-iH Inlern^l ennronmenls, ir leprefitnLH ji llrHl-Jini" il<"li-"« 
,1 farelgn antigens. A-ccuxlingly, liirw HftWin fitHM- oi Ivniphoid 



riM>j«" -itc ftFum! in ihe Li?iin.] prcpria iind ^ub'nuLn'i-i In gtainrjl, i\>e 

fr(||^l^V(f^c rhiinE<;*i occur fn^m ll»e proximal n-iynuin in ihc terminal 
ileum: ihe numhef and lenglh "Flhp villi Ji'UItjm'. ihe nurrbef of 
muccu^cellsintre^i'ii-!', find ihttfj* r^ an increase m iJie amounl of 

lymphoid lis^ue 
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^mall ln1os1ini> Structure: JM 





^-*^^/i 




... '-^ 


. - » 


. «.' 


-'- ^ „ . . 


1«^ 



Goblel ciiiilf, dliti 'pindrtd burder 

of human ie|uraJ viPus (a^an 



Lpnirslk^f ifdl idiyiirprou^ ves^c^h Flixjrol Lrypi al Leberkflhn with 
in hunun jejunal villus [aian p,'itm\\A]fii. nvy phiFiccell^ of 

stain, X325) |-'ai>elh jhpmJlox^lin-eoEJn, *325i 



MlGYJVJIIU^ 

Fill dmplEil^ 
Pnnnyiulrc vef'icle 

MJcruvrlli cul nff 
Tcrnimjl svij'tt 




EndupJD^mic reticulum 
(ffslHnijejTid tubule^l 

MlTothondrij 
Tifthl funtiiopii, 



nlErdi^iilaiJon of cp lb 



Inrcc-liJiitiiMunj, ^l!!l:^ijl1 Ji" ^|iid(ttilHjrilHtci(iniKlinjl epiiheliakell^ [based on [illr3rnicf04cn[>n:sludie4) 






FlCUW 7.1 B ERITHiUUM t» THE SMALL Ir^TE^M 



I 



Thi' vdli rire lined wilh a single layer ui columnar epIrKeli^k^FIs (.dllt'J 
puiemcyle^. The apical memhFsne dl (he emerotyLtrs coiUdini 

num^ruti^ microwilh flip fnrtmi"ytt\ are involved in absorption cl 
nulrtenfii and The ?effelJOii uJ fluid inlu ihe inle^linjl Jumen. Imer- 
bptrsed amcn^ die enierocytesdre goblel f:*?lls, whit'li wtrtle 



nrucu*;. rhe tr^pr^, ul Liebertuhn aie lucjii'drii ihh' l>,iHe(M rhe'.ii 
dnd are Ihe lire where Actively di'viriingujIJjiiiieEuuniif. Ihe new-l^ 
frarni^J U'I1> iniardle up the villus ever (he courw oJ i lo 5-davs i' 
aresltiughtd Inlolhe lumen. Thp cryiHii .ilijo contain Piinerh ccfU 
whic^h setreLc the liJiiibaLierjal fcrTivKif Iv^ifzyme. 



^3}\ Into^lin^.' Motility 
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Villous 
movemerli 




IP' 









-^r^^^\^-^ 



'X^J' 







Pernialnc wave 



VY-^ 



■U^-'' 





(2 111 JB cm pec second 



Mtd(i oi column iTF^^^ 
jL Ileocecal vjiwe J 1Q 5 
^irjr^dfK^rtnE^nun 




ficiURE 7.19 Mqtilitv ar the Small Intestine 



Ihi? ^rnjll InlRline has IWO ?,er\€Ti\ tvpei* drafffilily pdlttms, Thcw 

ninlilirvpnll&nis are under iHi- c <)nlriil nl [he enlericnej-vou* system 
ipr»rviarMvrlie'rnv*?iihi<ii.pteia]5l.Tlie flrit p^ricwn. i^eEmenfHii"" 
■itfrVLfrTjmft and thurrHhc luminal cnnn-nK TIh- ^tcandpaflcm. 
|]tri*,lal5is, ierves In inc've Nil Ljniin.il crmlenn ilMally In some 
pnsiantti, rtwt^se peristalsis nccure- ^doH d yen'^i^ln- "U^h. In ihp 



ahsencu tpf fmd (inler^^l^'.^llvc plwjcj, there h a p^riodk ^^Ave 
(pwerv t I" 2 hours) of penval^c^ ihdt (ji?nln^ in the ^lomiicli diiil 
sweeitt doWfi TKe lenglh nl rhp ^mall ml r-^rlno, Th i% wavf? k i dlli*il Uif 
migrjliriH mnlnr (ni nivocJi?ctrlci compli*-'! IMMCJ and serves [o 
rli'dn (he inlMPre ;in<l mafnlain a liiw t^iclenal muni In rhc^mall 
tnlesline Tfie MMC i> mnduldlrri Itv moiilirL 
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Large Jnlesline Slruclu 









SplculiT 




sKiion ihraugli entire v^all 



ColiifiFLiriLJ^ii'id;];iriilp1 iTfUs 



hcuRt 7,20 Large FNTEftTi.Nt Structure 



T>iclarBe initwne %ervei pnrTiiiril^lD rpjtKorli waiersnd tflet' 
irulvre* rronn fhe lecea and losiDre the fpces unlil ifiey jfe i,'l|]nr- 
njli.-d 'rtirn iJiF IhiJv itii'ldrgp' rnle^lmp corxsr^P; (.il ihe tecum, 
appendix, Lii\w, rtcnjm, and ^jI L-^naL like llie ^nall ifiltiUnp^. the 
largb* nieraneJiJs hm> MiiiH>r!i miivLfe layor?^ bur (hp Duier longiiuilV- 
nal miistltf ii nrftiintfed Jnto rhfi>& [hr<:l,Hned bands {len^ai- luli) Ikfi 



junljomlhe cecum rn llit rirliirn. IhecQlon j^ ^biimded iniu a 
reirapetilLiiiea] iKendinR colon, a rrJn^vpr;* rolnn [I'lhorod b/a 
niET-.E'nlerv, u rclJopcjii[jnE.',i| -Ipscentfing colon, and S riies€:nlenc sic- 
moid uJdn. A IrfJ^p number of niuc^ui-tiioducina gohicJ iflls^ni 
iiJEincI in rhe colon. Thtv pnnduce a crtpiou:^ anifiiini cif mucus (or 
lubrication- 
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lum and An^l Canal 



IVI7 




unBiludinijI nu5cle 
CirouUr muide 

Li>vari)rani mu^le 

Refill cofumr iMitrgagni^ 

Submucous spdce ;ind ijilemdhiemctrrliai-djl pievus 
P^ctinaie (denlalpUFnelijnalarnic LinurectjJ Inef 

Deep ekivm^i ^ph^ntier 

Inlcrnal mhiridsr 

An J I vsive 

An.il crvpl 

5u|wrfldal e^lerniil spt»incler 

Pen JJHil pJond 

bul>cul[ineou"5 ex^er^aC sphinclei 



in pEn^Pdt skin 



PuLk'Jl 

Anuderm 



in perwnal Spntre 
mer^phlncicrlc lino (wliitclinoof Hilcor; IniQrrni^sruJjr grDovr*} 



^ 






FicuRE 7^1 Structure of the Rectum and Anai Canal 



yhf ft'iffitml ^f\/i fllthi-lflrgf ii^l^Hi^f i^ Ihe rpclum Lind unji ciiniit sphincter rcliics butdclc?cjtiDn dncs nol ncrur uiiFJl Hk- v'llunlan 

^-ormally iho iuial cjhjI i« closed dup in rhi-i<inic: foninmiion "J Lhe extern i33 sphincJer !■. rpla^ed and ihe muscles ul ihe disial colomnd 
■'L'mal IsniDDih muKle^and exiernal i^keletal niLi!>rle^ an.ii i|iiiinc- Ffciuni njnirail. 
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Colonic Motilrly 




Rul = |iTii|nil'iVr iiimtTTiemE 



prL2i;un»iniri',i,eil ,l^ tfinrLin Is ejiler 
attommodjif (onttnui 






Figure Z22 Coiomc Motiuiy 



Mo|fli^ palLerns in Ihe col»r| pndiide tiiKi? Iliil pi rtppi luminal ton- 
(^■nh lawjfd [he /L'etgjii (I.Pr. perl^uUi^ Jrul ma^ peri^taEsi^j 3iii| 
ilin^e rtiji prolong E:nnlac[oFihe lujnrndlrniKprlswiih [fie ab^DFTj- 



Eibe tplthell j| celU. TliL-bf IdCti p^merns jIIow ^niLjmr rnnraci nr 
Fnr mnMmal jbg&rpiirnn oF fluid Horn ihi- ivLefr. f^sntliiioris ihiitprt' 
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D^ecalion 
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C*!r\a\ii ph-vtialnjtJC mfinl^ 
Hs^ri^nRlnrlhncnlir rtllpoi} 
and Ini^iionnrloDd 
(Kd^ULUlii. .JJiir B.LftrOiEui»l 
reHetac^l, may inlli41<f S 
ipoi pimxidJ^ jHiip tiling, j 



Ciiisln>cnNc rellp<niov hemedulert 

VliL III'IVPL J|J IiL4 idlPIII. im^lVl^ UF Vlil 

Inlrlnvc ncrvB^ a-i cUrkdniialiun o\ 
Ra^Irnitf ^ rEttlE^ Lir bculi 



^'^■■^ 




"Awaipufttn" "I iuRp' 

ccini!ldli>d Ailh visual ^uiH 

juifilniv slimiiJr, nil A 

menvorv Jml habiL cau« 
IfRTiviJujI luitvkuul 
lc»ll€l Enil makE- DihE-r 
appralprturi' prepaiaHdiLi 



^limulnliDn d rcmlaj ibelcir - 
re^ejnn" ifnd'i aftpf pj|1 

1iii:,-il ff n(.'VMj iirHl iherce to 
hnun (lor aw^fene.ss n( ucrfi 



iiica] :tis!npnm\c renpy^K [Via 
jndrel.ii^olic-n or Infernal ^phinrrp* 



I'tlviL ^lldHLNnlt- r>i".< 



Pudendal Jnd fFv;iiDr ap\ nnvph 



muKles I viii ftudenlat and lewalof anJ nerves^ lo reldln f«es 

UIiEJ I uJptiiMi: LundFlluii] plcvojl 




II kFridl 
inclrr 

EiEerniHl 
ipKirft?! 






ficuEE 7.2J Defecahon 



I'lt^jlicin involves heedina ihe reclosphinnlent rfllr* and jfljh- 

'n^n <]f both the invorunldry inlernal anal ^phincler (mrervaled by 

-le pelvic splanchnic ntrvffl of Ihe Hiira^Vnn-ilherrt division "I Ihi^ 



jutonGniic neivGu^ sv^l4±ntl and ^■r>lunldrv t^rern^l ^n^al aplumlE'r 
(rnnervaied by Ihe sjimairc pudEiwdal nervBf. LomEJEiEianof ihedKEJl 
tolffn anrf reclum ex[icls the letes. 
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Salivary Gland Sirui: 
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^J^:^ - 






-f^ 









Suliriuindiljuliir gljnd 



Stiblingfjiil gJand 



d. 



OHM 



Fjcube 7.24 Sauvarv Gland STRUCiUHt 



The ulivary cl^nd^ -.enif ^evp'iil funciions, irulLiilm^ k-^ung rtie oral 
cJVilV moisT snti lubricared ro [jruE^n-l 1I Fmm abia^ion, cDnlraiiirt^ 

oral bade Fid liy ietrerFfij; fy%cizyri-feJiqucl\j(iRlln' InwUlhereJay 
dHoiAirig FnuJecjIes wiUnn ihdond \f interjd ^v'iih and s^iiniuljEt rht 
tiisle budil w'LirfinficrffcJurn^ntlplwBpliary lur itJflhfDJinilronanrl 
(iid|jil:crvinie.^ndsecreBnB.3iiiylri^lc> begin di.g«ri<inoiislaichyi. 
The serous jcirijr<-jl|> setiele iheprcflein and enzymatic compo- 



ncfiEF ol uiiv^, where^^ ihe mucous acjirar i]p|l^ ^t^'r?[« 3 w-aipfy 
llcnv-niucrnl mucus iTii' pan»lH gland is composed i^nlirtfy oIxtuu: 
icini The buWingual pjand cojiiaiiis prLiJnPTiirirtiHfY' nnK"ut ijcini, vm- 
borne serous acim js wi'lLTIn-'.uhniiindibularRland car^lain^ airii>:- 
tin^'jjKirniiiianfJmJCOUiacinL Liiieual Ipi^ase [spoealed by von 
Ebnef's serous Rl^d^ Oi ihp longueJ mi?i« \vi[li ibe saliva and b«-^rT^ 
L^u^di>i^.'J.(l^^M')^^Jl.'^. 
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Figure 7.25 Sa.iiv\rv Cland Secretion 



rViculiViry Eljud i* uiider,-iLilr>n[>ri[ii lorilrul The plarnh rcceivp 
Druh ^vmpalhelic snri pdidsvJnpalhcDc inpul, O' fhe^s', ihf [jardsvm- 
piirhcnc ^y=Ecm i^ more im[HJilHU>f in ^iirmildSiii^Bccrcilon. (he aci- 
nai" celli ^ecreie ihepmiein lieroLis cells) an<i ■nuiu', (nnic i>li'» *"elIsS 
iTiirtipdrtnls oJ^jliya. The acini olsc ^ectele a fluid component lh;it 



\\\\ A composition ^imHar ui ih-il nl iila^iiiJ As ihc salivEi makes il& 
Way out ol ihe gliintlF ll^" ductal cells mndrrv iK hI.-e iirJyieirnniposi' 
Eion t)v arrive Iransport, ^uch lha( the Mliva cnlerrns the mouf h !■. 
hypolonrcfo plifiwa iN^d hat a high bicartvnnalet(in<;i!nlrj(iOM. 
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Fjguhe 7.26 Panc«eas Structuke 



The panuu^ lui i«[iciirp and ejidocnne corripdnCT)!!. The acmar 

cellna* theeltKinnepjrHirMs^eCTele jniimbei G'enzymi'b ih^t die 
T^ecewary (or riiqc^lion of prniein, slar-zfien^ dnil fflis. The dutljJ celk 
iturric fljiri, With d hi£h HCn,- t<jn[ecir fhii HCO,-.m-ivt'* in nFei> 
IrsJFze ihe aarf eniermg (he duodenujn (jflm (he ^Himach. Ihe 



enriuf-rtue pancieas con^^b oj ihe islel!> ol LanfterJiiin^ Wilhin llvf 
isleis, ihp A-^H D-cellr- Docaied in ihe penphery ui ihe isleij seciem 
KlucflBnn, iheB-or^elUlknalwIcenUany inihe r^li^n ^n rc-ti' 
in^ii[iii. and [hv O- or Scell* (dispeited thnjiighf>LjJ tfie r^ieU wcrete 
^DmdCo^laliik. 
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Pancreas Secretion 
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\ p jru^umpiilEieric) 
Celiac gari^iDn 



sttifliiiii ifliiici 

sfid elcctralyloi 
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f IGUKE 7,17 PaNCREW StCREnOM 



Si>rrpil(in by rhi* pjiirn^j^ in uitdH niHJol jnd hofpional runird. 
The pjra^vmpdlheric ^yslem (^^e^i^ nerve) ^limiiJales secretron 

Secretin is vetreled by ihe nenmendccnnt S cell^ in le^pjin^p (0 ihe 
jrrL-^titLCOEdGiiiii rhr; duoijfnuni. Ir acl5 on thr: ducul cr^ll^ Qllhc 
jMrmrea^ lo slimulale fhe ^ecrelion o^ fliiid wilh a high HCO» con- 
itnL, Clinlfcv^ldliinin i^ ^?rr9]0d by I c^ll^ in i«4pan<e Jm lal^ jn eK? 



ilucdenum ^nd upptr' le'runuiri. II jc^ on ihe jrJnji lbII^ to «ririuiLui> 
ihe wcrelion of enzyme*. iVot^/icuvn (n rhe/fgurer Trypsin rn die 

lumen n| thf rlurBifengm a<iivflilp^ nihpr prnl?^i;e iirerurtnrBlchy- 
nKHrvffslnoucn and pcociirtionvpcpEldascl \.o ihefr acllvc Itiiiii'p [fhy- 
mDtrypsin and caTtio\vptP'i''^5Pl' Nole. ^etrelin and CCK jre 
ipcrele-J ihfoughuul liie diiodenun*, e^iwcially pro^imsllv. 
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Kighf tridngulri 
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4 






Figure 7.28 UvEfi Structure 



The liver is ihe Ijrgest Riand jn ihe body and consists oi fOLr analomi- two lob^ (right and lekl -ind e.ich Inbc receives ^rterj^l blood fron 

caB lobes (nghi, leh. quadraie, and caudate). Various I pgamenb attddi ihehcpaLic artery and portal vi-nous blood from the /tbdominal Gl 

the liver to [fia ovedying diaphra&m (corijnary Hsamenls) and ante- iract. Each lobe atst» poisesses ils own venous *ind biJrary drainage 
-ror abdominal vvail (falciiorm ligamenl). Functionally, Ihe IpverhaE 



Inrralohuldr bile du<: tule 

Perr^jirusoidalipaces Jof Dls5e) 
Sinusoirfi 



Lymph vesse 
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HGURE 7.29 UVFR UiTRA STRUCTURE 



ThetivercelU ihepat&CVlP-?) recefve blood from the porlal crrculalron 
I ''}%] and ([om Ihe bepalic ailery (25%)h H^alocyles are arrsn^ed 
iri platen oftdls thai are ^^eparaLed from each oiher by hepalic sinu- 
.1 ii(k. TbC' btnori niove^ Imm the portjl vtin and hepatrc ,-irterinle 
ii-.iri[ hes Ihfough Ihe siinusoid* lo IhecenTral vein. Frorn the cenira! 
.cir, blood flows iniolhc h^fsalit veins ardinlen-orven? cava. The 
^inusold5 are tlmEcl by a disconlinuous endothdrnm ihai allow* free 
ir»ovemenl of proteins from the blood to Ihe hep^iocyles, as well as 



from ihe hepamcyles to Ihc blood. The ^nusoids s\w contain phtigo 
cytic cells (Kupfter[:t^ll5) rhat dear damaged red blood cells jnd Iw- 
sign artiRen^ (n"T ibownK Bile is produced by tiio tiepaiinvte.^ artJ 
dr.iins into inrralobuUr hile rfuclules and theri Urger hite djcis irighi 
and left). The bile duci!^ coarse wilh the hepaUi ijtrerv Jnd poriil 
vein, Ullimately, bile ts collected inlu lh(> gallhladder. where il i5 
stored and conct'nl rated, 
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Jn|rahep,klit fiiliary System 



Ptnlaf vein branch 
Blip ducu 



5iinL]^uid 




^z.^^z^'::::^:.':^^^^^^ 



fiCURt 7.J0 iNTRAHEPAliC BlUARY SVSTIM 



.nraJobul.rd.c-|.J«.rdlhcnen>pr.e>-ni<,rh..bileduciuli.irun mr,(.reo- ih*^ ,m,re dll.io [,ik. direcEfy from the liver ard concE-v 

"'ilfi Itit pofUl vein ana ln-udUL arlery hunches. Ui liclween nieaJs, iralcd ^».le hom Ihu Kaflli[adder. 
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EpiLKpij#i c-n 



KupiiM fMW 







ililt II)uc.l ^yblL-ni 



V^Mul^i 'Jvili-n 






Ficuw 7.11 OvfRvifw OF Liver FuwaioN 



TfiH fiincr ■ri-r.^rt i number dI importai't lunclions, includine Harag*' 
ot impott^n! pruducu and energy Hnirce* ^e,g„ glyt njii'ii, lal.pio- 
Itin, and Vila min^l.prodjcsinnrjltplluljf hip\s <i? r.^ gliicoWr imty 

Kiiii. j.i^d\iMa icidii producnnn ^n" plji.m-i f^iii-iTi^ anid cloiirna 
<af:lai5. mplahnlt^ni uf l^mlii^and dmg^. tiie e*trellOn 'if ^ubsfaric*! 
ie.fi., blllrubirn), and Ihe producliun [lilult acith. The Kupffer cell^ 



phrfyoE-yici'.r inirfRn malcrijlslhalcTo^^ ihe *■^^Jlm thv L,\ lr,5L"1 dfid 
onterihe porliil sirfE]].ili»". CnNsuf ihc mDnonuclearphagocyrtc 5yv 
tHii'MrSl, bolhinlheliverlie.. Kupflercelkl and Thro Laghoul ide- 
boch' pH^aocviflw damaged red blood cell*, ftilmtbiin ]s fliirmluci l>i 
hemcjglohin -deBradallnn, snd il eicrelod by l^le liver In itie bile <set 
RWire 7J21. 
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GiJirubin Extrction 



Liver 
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KEV 
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Dirfcl-reacnnE bilicubrri 
[Cun|uRa[edl ^nd bile aads 
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St Ml 



Fjco«e 7.J2 B^i iRUBiN Production anjd Ewhftion 

Ceil^ "ilhe mo"(^niidear phciMm-ylii- sysieni i MP5), bolh ir rlie liv*T 
(I.e. Kupffti- cells h inJ rlinmnhoin dio bodv, phagocyio^ Hamas^d 
ted blDod ci-li:>. Birinibin, a doRrddauon produm f*EheriiG}(labin, i^ 

produced by drMecdti lurn-[iJi|uga[&l hilin^binl. THe knr hcpi.itij' 
tylei lake up Hiis blliriitili), tonjLitWie 'I will' liliisujiimc iad (ciinm- 
Rjled liiiinihinf. and ei^cri-ie il Inio ihi' hrle In [lie inleillrie ihe blbni- 
lim t'. fonvfirt^ lij jFobiliJioEen l>vb^cierhl Jtllon. ^ume oi'tfir^ 
urDbliinuRen i^ absorbed and returned In iheirvef, ^hnJ> ree^itreles 



nin ih^blle. Sameof ihe uicibilirioHen i5dJrK>e*drpied b^ Uip tid- 
"P'rs, The l)jle aJiu tomnlru hifL- diirf\ which aid in rhed[R»ilonoE 
lipids by fheJF abilliy lu I'lrnjJhiiy fjtsand r[>rm Jnh^ed mif fiik^'i vnHi 
ihe lipFdni:ple^ul^(hee'hpLre7_'^7j. Bile jcids are rc.ibsorbed by 
Ihe ltrinpnj[ ileum. Tvpifjllv, b5^, to 95% fii Ihe bile ac\i\-, ^n- zf> ir- 
tulaledinihiiriMTinei-jenieffoheparic drcuJjElonkTlie bile add* lotr 
In Ehi^ri'ii^esrii day arv replaced by JigpalFtiynthesfi. 
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Cj|[b!adder-rTiici£i«*ipic4ecticHi fKppatiE: ^id?^ 
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scanl muicl*^ fiher. 
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Figure 7,33 Gaiibiadder Stbltcivhe a.nd Functiom 

The ^ aliblfldder is a small hoLlD^ organ allached lo Ihu ^»l^licoof ihc 
fiver. II^PFVPiluilQrt jndcQncenrr^lPfhE-fnltts^^nlhe-hizedhy ihe 
kpHhoWi aboul 20 Id 50mL']l bilpl. VJEjIstuniiljIion jnd rhcilt?- 
trtlDkinm re^eJ^p'^ [nini jii-iiroendocrinp cells in ihe duncl9nuni (jn 
ifsponse lo hhe presence of Jarl taii!>^ l!ie KitllliLiiiflE'r Ki coniriici 



indlrart^pDfl bile da^ri ihe cysdc duct amJ theowrimon bite duct 
wh^]Tcli omptiM into the vetnndfrii-.ri'nriiiifil portion of Die diiode- 
fiuni TheH^liblatBdef mutiMjl^ ^pocklizedroreletlrtiMi'cniHKVdlfi 
abspcpiion, whk^dll['^s!hcnjtlbtDdderiDcOi>c*'ntpa[eihGti(h-. 
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FiGUBt 7.34 Gl Thact Fluid and EifcnioiviE Transport 



Lar^voljFiiesQinuidjic^PETtrpd and ^ilsorliefl bv (he Gl IfflU Cidi 

dav. The '.('fpHUHJ ftuiil heSps iriiiinEaiii (he ijire^nndl conienis i" <k htf 
u(?LTyd ^(3(e to Jid dlaeiHun. Normallv, this w^wted fluid afons ^vll^i 
any fluid in^^it-^l, iii dhsorbed so ihar only lOO rnL/dav uJ -Wrfitr <% 
tULftlnriin Ihe feces Iwilh dldnhea, Intesliral iTulil [rivbcan leach ?0 

l/duyl. Uolhi ftic seo-elkwn of fluid ind |u nb^orplion aft drjvt'n by 



p|'"£injlvte inknfpon. 5C'ij"clion tif Na CI dr ives iluid ^eccecon, ^vherea^ 
[lie ohwrpdirn nflNj- wdh tl ^ndolhE'r ^olules drives ^bburplhuJT. 

TliH Fmntipaf ceJ!Liljrrrtyclriini5n»?oiinieMiii,ili'lEi'ir[iJyreiranspDn 
iiTcllJusirdiird- For iimpllcity, nui all ki-tfiwn rnethaiilsnis an: hliuwn. 
Albo.cellsmayoLpfet^rFiLiKipletrjnspcin^yMnn-,, which here are- 
depjcicd ^ beinE preen iii diHtTtrtl i:eHi. 
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HiGURE 7.35 DJCEniON OF FROTErN 



^roll-in digeilion bepinvin ihi- ^|i}rEiii4.h l|irr»uft|] IHl' jclion of l-fCt 
inOp^P^'i PiinciKif c prriiea*.!^ anri pEpiid jsei flssociflied wiih »>£■ 
_tv<ocjlv* o' [He rnle^lmal t-piiholial rells tctniiniie ihi* pr^l€.^.-^^, 
icJdins jmirio pcjd^ riip^ptid^?, And dipijpFrdes, w^iidi Jrt? Ihen 



pro^lasQse (not sh<ii^n In figmt)-!!!*- irlptpildes and dipeptidps i»re 
zibiorbed ccupled l[> 1 1', while ihe amine dcid* are dbsortwcfc tou- 
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Digealinn of Carbohydral 




5dBviirv 










FrcuRE 7.36 DiCE5TroN of Carbohvdratis 



OFjieiitnin 111 carbohvriTalM jnd sEarthes bcjiina in ihe moulh and 

and enzymes ijisociijled wnU lite Klytixialyv ol The iniEsrinal ppiiiit- 
l^al celk rnnlinue th[5 proceiss, yioldlnn rnnnnsarrhflridn.The glyco- 



calyx disu wtrHM tiomalnase inol shown Infigurt-f Thewmnnoiit 
chandcs ^wn jb^orberl hv the inte^l-fnDl epFihgJl^i cells LiiupJed r» 



Kg^tlon uf F3I 
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Pamredii 



i^-<:j fiif TriBlycfhdK ilangandshortchain) 

I1 ^j^O^iO^i L>iglvtenrfei|lnnBiiniJi.hiit|clwrii) 

// i=Q ^O **ton'igly[-prtrie& (jong andihort diam) 
Fjit\ scadi (langand shcrrF chain) 
O CI-nflL-iltrol @ tlinlcilprfil (rtlt'is 

;:d ^.J"bl.. 




MftCfl 



EpilU'llrll cc[\ 



FiGURF 7.37 Digestion of Fat 



.■MihcuiRh some <fli dig9Wion begins In [lieiiioull» ind ^locnach, mod 
nctur^iilk-'inlMtinDjjrRelvby lHcfl-ll(in r)( [k^ncrejlic lipiiwy 
Lit)jsi^is*j^ciaied wiili the glycocjlvs oiil>t^prlit^i,^hfll'iriL>oinin 
mbuie Id this process. The bile wit jrecniKrally importanrin itia 
process h?ptauw^hcve^luki^lht^rfl'l rtrni linni mlwd mkelle^r Solu- 
jj|<- (JyftrolflBid^Drt-iindniPtiiijm-chflinijllViicrdia'i^^b'i'n'hcd 
wHhDulnicellelcrrniliDnpaH[hroiiBli|h*'*'|iilln'lMlc:elKindaic 
l^ken up m thL» pari jl cwculatinn. The (idncipal prodjcti of ii\ dlgfe- 



[ior»aferar[vaad5iflbsi3rbtrdfOLipledroNj'"J, rnnnoslvi"'.-™**. •iJ 
cliDJe=renil Furfli-t ikrii^t'S^mjjwiiliiinhe epifhelliJcdIs n?siil&«d^ 
lornicMtrilormdlionjandtheit (liylui"i'.fi'i"^J"P p>.ocyroscda^ 
bd^jl membrane jnd Lal^^t^n uji inio tviriph^'ic Idcle^k. Thev vn^ Ar 
ihoracic dutl and rirttNcnIuallvcmpbed mfu ib^'VPHfiiU A^^B. 
Uiv.iilpm lalJian* iT» ihe kmeii ollhi" inlffllint" cairfoTm 
plf-ic^ prc^'enPn^ abh<ar|>linii B^i' [his aann? mechonism 
UOODl raEc^mmpJiniiEQidmlCd-'dtqUr^jllUr;, 
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Ab^nrpltfin of E-i^onlial Elements and Viinmins 
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Figure 7.38 ABiosPTioN op Essential Vitamins AntD Elements 




rLif-Solublp Vilaiiiir. 
J, Ptfrkin^ 



T>iP cell mechjnismi involved in ihe jbwM|JtlQn ul ta", iron, and 
sever jJ Jnit>iJrLdnr vhiamin^ are ^ummanfi-d. Vilsmlri D, \ l,?5-dlh/- 
droxY-viiJn-ipn D,) pliiv.'< jn linpuridJLi rnle in ^cimulail"^ inic^ifniil 

Ca'- dilsttrpoon. Inlnrijic l^iut^r is miidc by Ihe ilorndih [bee FJg- 
uri- 7-1 2 1, N' in^ufii^iiojLi jniunnii of inrrlnsic 



Iflrrnrarr ii'oducod, B,j di?Jlciencv ensui?i. FdllurL-lD iKcipedy 
dippnt faft isct FJj^nrH 7.'i7] tan lead lo de-fiLii-ncip^ o'J ihe (ar-soN 
ble VrlspitiM. Abbrevijaon^ D^^JI, Div^\ein metal iranipofli]* 1 
fR, IrjiJiFPdiJi liiw: fJ, hpphjLiilm- /f ininnsic (dclor: /flirc/. irrirv 
ftftiiLdted iranspojief IrTC/r, tran^cobEiljmrn II; r^ IramrpFernn. 
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Overview of Hurmone Actio 
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RcURt 3.1 OVFBViEWO* HUKMONt ACTIOnj 



llEjrmone^arcliivulvRdirt IheprocK^rjf i:t?lkci-celUigfi^lirij^ Hcir- 

nirjn« Iniejdcr A-ilh ilseir rargti n?Ui via specifTc hormnrie-recepifir 
[nleriUmn', (^^^ Chart Uh.Thu nrcepror may bg In [he pb^ma nu^m- 
brane dr msde il>e iiell |Lvr[i|il,i^mic -or nutk;flrf, Thf humiDnf^ecti^ 
Lffrinipiadlon may ^nurelF wcond nii!^<«ige;^ or rcguldir- gene 



&xpri7.Mnn- The eHcc\ oJ ihe hormone '•n lUe Li-ll mav be Uii! m-suli 
uijfleFedinelabijlH [wlh^v.iy^ |ig , cJun^^in enzyrm-ni liuily "r 
i-(>ricenlrancFn?i]icJizymes| oi d»diij!E", (n cell ^Uuclurtand gr^iwlli 
fhe towti lUJ^IiNu^iTJiKihudFftereni mod& ul telMo-ceikommu 
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Figure 6.2 Feedback Regulation 



phJBeD-llhe mer>Elrualtyili?l 



iai 



ENDOCRJNE PHYSIOLOGY 



Hypulli 3 litmus and Piluit^try 
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FiGURt 8.3 STRtJOUKlOF HVPOTHAl AMUi AND PiTUlTARr 



Tlie neun thvpophviis 'puifenor pulujrarv) ie, formed ai j rln*n- 
gromh of rliL< liitncpirh^JDn olrhe broin. The dilE-mihypopliv^is 
Unic-iKir [MuiJiiyi ii lE^n^^d from Kflihl;(^'h i.Hjiich feciiadcrmiiJ lis- 
Hwe in thp orophdrynxj The fMr^rmeLfutc lohr i;, n"l rttll dcvui- 
opcd in hurndns. NeuroendiwTine cells Jn Ihe hypoihala-rius wrid 



axQrJs Inio the ptfefHor piiuiliry ojirJ Lo (he region of ihp me dun 
eminence. »-lcnnanes are ri-lciijii-il [ri>rr these Otjjiti inio (hr iiyv 

i?f"i<:blooc[iptHit'rNir|iliuiiiirv)or imolhehvpoKidltfmir-hi.rjophv- 
H^al purL^I i.y!,[pin (wo FigL]ji?«,i|) In rlieBL-gion iiithe mfidurt emi- 



1H2 



Anl4?riorPtluilflry 
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f moHordl and ei4teTDrcpci*€? 

Influf JTCci vi J liferent r>erve* 



jiTjivenntculof 






Mv|^i>|iliy^>'->l |>i'if>il veins c;inv 
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Figure 8.4 Overview Of AsJTEftiroR Pituitahv Function 

l-|>po(Kalnmii luiHrai^diiFiJ^nccclli ■fIi?j5c honrion'e^ ml" ihf hy|wi- 
ilia1aniic-hvpopl'V!ieal prnl,]! ^/Hli^m ili.il sripTiiildit; "r mfiibii iJkP 
wcielorv cdia cii rhe^nteTlorpiiuiiarv. Under ihetcinlri*! JiUhpsi' 
kivpflihaymir releislns and rnhihllmii hiwinuni!*. Hu? r^'llsnl [he 
jnleniir piludary (deaw? Iropm hgrmories, which [hen ad on 



pi>d(>crjn<> (il^ori^-The honnones secreled b>' The cndcririnp sliand^ 
]c?ed bacfc on bol'i th^^vlH; i'\ thesnleritir pHuiUry ^nd ihe hv.poirka^ 

rtniuslijitjwldlr tliiisetietianof iropithonnane^h'nrfreJeB^BfKi' 
mones. 
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PoslCTior Pituilary: Oxytocm 







FrcuRE 8.5 Po5TERinH Pituitary Function (OxVILltT^) 

O^VioiinJ^ released rmrii the pcstciiarpiiiiiiaryh rEi^p^ina? lo VnJ^- 

rirtl Mimulatianijnd sucklrriH- 1" r-^ftf^nse Ig v,i;^fnEiU]iniubliur, m^. 
occurs during iexu^ iiUiiFEitijry?, o^lutm h relfdsi?d anJ causes 
Liienne Ecmrrarrion. Fhis riuy Ij^ rliinle spefm trfln^pornhrtiuulp Hih 
uieiui dud uW!fine \u\w^. [lnyioon ako l-jcHiraies clilld[i(r(h bv 
increasiHR uiHni" tyUjatiions durmglfltmr D|i(inKnursnft,sJlinijli- 



[tcm [ffihe lupplr hy rhe ■idckling inJflni causes D»iy|(ji:rn releaie, 
which thvn scf* un di? ntvoepithell^ tdL^ bunnuitdinn [li? rnauimarv 

Hl-lrl<i alveoli and rfjc[5causin|>('>L|if[",i>]on of TiJfL NpurjJ piith-way; 
aciivjroddurir>B wickilug jIw sumuLlc Ihc serrelion cf pmldtlin. 
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Posterior Piluh^ry: ADH 
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Figure 8_& PosTfBiOR PmjiTABV Function (ADH) 



An [idiu'pin" ^lornion^' lAPH^, (ir va^o|9re^sln, is invtaivpd in ihe te^ru- 
i.itjun r^i wdlet ijiilflrRtf, Oidngtii in bisdv Huld dismolalifv ancf lilood 

volume and pre5iureare the prirn jry phyiiobgii: leguljrort fli ADH 



senelion <see afsri FiRure b.51. When ADH levels are elevated, j 
simjJi volume ot conccnEialcd urine ss ocrclcd When ADH levels 
^le Fdw, ^ l^rgi^ volumt of dilul9 urine \e E\creted . 
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F^GUBE 8.7 GHOWIH HoaMONE 



Growth Jionnone's mijoif ph^^jlt^gical eHerl ii^ la stimufare ftfowTh 
Mid d^^kiprnenl in chrldEen ;indddutE^i>nli.. H aI-m pl^iys Jn impor 
liinl role ir> r.'aul.Hnit! "w-thH bKniy rneraholiim CirQi^lh hnrmunc 
iTLjiJin-es rudfiv uferfecL* Ihnmgh the j-eneralion, amJ then iubip- 

quenl jclinii di ^tmiilonfcedinssuch as uiiulFn-lifci' j^ijwlh JatHTr 
(IGFl Amino acidi, giu>:\Kit iind FFrt f*rrl (Ifteir effecE onGJUpcre- 



rifirt VLiWiinatostalin.AnitnDagdsiriliihitaEimdloal.iLin release 

UncreaiE- CH ■xtitllunl whejea^ j^uuci^ nind FFA sliniuklt4.rirrt:iii>- 

^lG[in jelea^e {infiiliir i"H Iihc r>-iiimk Abt"<fuii]Uo<ii- HA. ficc iairy 

dCifK" GH, ar'»wtli horrnone: U-fi(H. grmvlh horriDne-reJeasina^f^'" 
mafie. 



[06 



ThymidGbmh Slruclurt^ 
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FrcuRE 8.S Thvroed Gcand Stbucture 



ilic rlis'rcpid gland »« j ducdos^ cndocnnc- gland ilini weighs jboji JU nrjlly, as in rh^fiBiii"!?" 'I"? gliind 'i''^ anitrmt ui ihi" irn* hfA rtrnf juhj 
gr-irnh ^nd e:[iii^^^ [>| a riglil rind ji-il lulfEi iuinrii ihy nn I'-Lhinui. In Nilrrioi lu ihi: t.rk'oid c^rllkKL?. As wrth dl cndocrmt^ Rldndi, ihc % 

1 5%] of ihe population, [here is a^riHll pyramidal lobe eMErnding era- nsiri ha-i a Nch vai^culiiriiiiiipjy pnH vmamdraiiuge. 
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Thyroid Gland: Functidil 



HvpolhdLimiis 




I Perkins 



FjtpUK E 8 . 9 T HYROID C LAN D f U N QlON 



The ihyrold j^land a UJitHfi^vd 'jf EollidK formed by epithelial ceUs. 
TlHTrt- fiiUmiljir epFdielidl ceJIfi synlhe^ie, Slore, and setreTe ihyroii' 

ine ll^f and [riiodorhyrgnine iT>>. The Ihyroid gland ac[i^.ifl> i^ilc^up 
JLvdirif^, iuriinnre^ lym^ne malecule* IMIT = munolodDlyroiinc: 
01T = diiodDtyroiini?!, coupleMhese logeiher [o j<;intT. .inilT,. ^mi 
ilfjivi HtBse linked Id ihyroglobulin |ii ihi^ (Ji^TiiNd fnillidp. In lite pms 



enc5 01 Ihvroid-sllmiiljlliiji hoPTifjiiE^ (TSHI, thyFOBbbulpnisencU--- 
luwd jndT, Ard Ij are released Inm [he-blcKid (T^H jlw siinniLL"^ 
diesynlheilsolTi.L, jnd (hyrrjMlrthnlinl. Mmi of (he seniieled h" 
\i]iii\V i'^tfi,,} h\n Ihelormof it i*hichso:uffi Ji jflrylTtiinictng, 
becsLie 1, IS convened to The moie actrve form !» by penphefol i- 
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Thyroid Gland: Horinone Actictn 
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Cell membrane 

l:lll1l:t,llt'll^l^^lt,t^l^,^^ll.^lll1l^1ll^l1^^il^1!a11lM1^llll1l^il11l^l^illliitl^,l1.ll1^ll^ 



t>|.>rlln^lian Cvtoplj^m 



iRlracellulaT ufl'ccit 




Whole Body Iffecls 
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t CO, 
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FCGLIRE 8-10 THTHOrO HORMOfSf ACTION 



rhvroxine iT^t h CQnv^rTed lo irnodothyrcinlne [T,l dl Idrgcl Iti^ues. 
Ti blnd^ (o a nuclt^r recopior resiilnng m Iran^cripliuri <.'\ i hoii of 
cpUuIji pioteinii end enzyniQ^. Ihe nc( effetl r:* an inLrMic in n\e^- 



bolic rate and O- cnnsumpiion. Ihe^e effent^ are dsMJtialeJ iH-iih 
Increased hpari, lung, and kidnev tunclion. T, Isako imparijiii ict 

norniiil srovvlh nnri developme-nl. 
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Adrt'n^l CLind: Strurture 
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FiGUHE 8.11 Adrenal Cland Structure 



Abciorninal aom 

Inre-rior vena tav? 
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LeFl r? n jt j^emv acid vf in 
Suppiinr me*ienlprlc artery 

4^ 



4^'^, 



BHn 



Ihc paired .idiciial i4uprar<'nalj ^^i-md^ are relrDpenlDneat ductless 
['ndocrine BJandi [hat Jit neiiled ibouc iht -cupyriJir priie *)t e^Tch 
kidrev niti ihf c.-vilym^ (IwphraaTii, fach flJand nGnnally weighs 



^boui 7 |u 21 gram-., rs highly vasculirlsed, Dnd congests af nn nuU^i 

coitex and an Inner flitduJU Uvtr I^Miiri.' 8.1 J). 
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Adreiidl CPand: Histology 
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Figure 8,12 Adrenal Glamd Histolocv 



The adrenal gland ton^lhl'.^n J conc\ :ind meifi;IJj. ^uiiJ ImlJi resmns 
irt;ri(hly vascuknzed hv a ri>riirtll^i>ri'^iiLi-'l pli:iU5 ol" VM5pU. Jhp 
adrenal cortex prodLH.t* mafc rharn two dc?!'" ■.Inrrtl-i hnrnmne^ 
jndUnHfifr-slly (v dIfiderJ loin rhrpe di^Jinct hiiiobgicjf reRiom: jn 
ipuifr zona ^omeriffcsa ohiii pniriufKrTkrncralocQrricoiib ^prind- 
DjNv ,iJrfi>^(»^ri]rn'i, ii iuiiUi\f ioiy^ rjsciculjiii drat producei glu^ocof- 
■".(ficl^ iprrimarily conpsol, cor^lc"^fCFf^n^, an^l i [irriMJin-l rtnddn 
iner inra lelkulan-. flijl pmiduccs androgen? A,^ ^hc-vvn in ihi', fiy- 
.I'H. ACTH shFTtuhciDn ■sianFiicnanily nffiTl'. iNi' iniiliili.n lanct? and iunc 
■»-ir> □! ibe Inner two layeri;Ql the adrenal cortex. Tlie adie^wl 
^Twdulla occupies iN^cenLerDl the odipnal RlflFid and produco^ epl- 



nephnncflnd n-jr^fpinpphnne. \he mtfiioii^ry i HI* Jcrually aiE Ihc 
piir^npjfonic elememls "f 1hi3 ^vi^l*^'li<^''c drvision !ir"i||it nutu- 
nomic nervjiusiystDm, bu[ a^ tndttcnnt -t-cJIh, ihij^ rclc-Dsc cpmeph- 
rrn*' rfdd Finrepmephnne into iJie Wood raJlier thjn mln ii ■lyriHiplii 
cle/L£pinpphrine JccDtinlsfarabuur 7fl^j|<ifln^pnrlJ>erned(ffiijrv 
it'crotForfcs As Fllu>iraled in Ih-^ \'.'V.vi p^ns'l, hlood drains (rorn (he 
cort&lnlnlhemcdullii.Thi* vd^ularirrjiTfiemenl enHirt^lhfll Ihe 
rntiliill^ rticlvei largt amounLs oFcorliaoL wHi<li ^liniiilale? the 
pnzvi"!^ tli'i' '-■"iiwrl'; norE'pifwplirifie la eqinephnBie li-p.^ 
phynvli:l*ia/>D-lan>l ne- iV-melhyllransJe rii^eh 
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FrcuRF 8.13 Adrenal Cortical Hobmuncs 



(G.R^foiliMl], rnlnerjJocMiicDidharTHDnMJtjf, jlcli*[Hri]ne},and 

dndragen? (e.]4, DMEA. undrosle^iedlcinc) Smjll amcmnts oe ciicuUhik^ 
ip^insierone dritl t!iTradH)[ are dcfivcd hum ihe LidrenjI conav but (he 
Roridb Jn'iliH>r[irirT!,-nysoiJ((.t». All [if HieadreoaklL-iuiil (ulrmnri?* 
sit- dfTved troFTi clialMluiil. QjrlnrJ wcredon is irm Jpr i]>e cnnirol di 
fl*enm™iiconopichamfcne(ACTHX whhdik w^Tetedrromtlit! ancp- 
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liui iJiLuilrfF^ in re^onw IQ curMf [mopm-ri?ae3*Jng lnirniLine ACFf I 
jfm 5li"niilaies the piudULii urn ji" .iiii^nal ondroecjis. Ann !■► noi (hi^ 
niTnary resuLlor-^l akJn^iprnne ^nne-ltun [ij^rig[iri^u,l("j. Abd^pv^j 

dchydrojtpriase, CyP?M_'. ^l-hydrnxyFj!*; LY^naP, ll^iyiJni.vl.'SF' 
CVF^rflJ, a[diBieroni?5ynllirrehpjOPJ.": l7^»+iydrQyvla^erC7P^/'. 
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Figure 8.14 Acnoss of Costisoi 
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<_Driisol hi\5 nicnv hIuheI djid indin>i:l .kuliuns \t atn'.ifi niu^cje wj^l- 
iii|^ fjl dT'po^l[ji}iL litpf^rglycemij, rn&Lilln re^i&lance, osleopomsis, 
^uppre^iDn uf I^F irnmuni? rp^pon^ (diLlHinfUiiiirt^lGry), and 
rcduci-d prDdLaction ofconrsecilve d^suf Ttinrf.in Ipaif w> f>f"i' 



w-oun<1 htflJmjt At hii;h levtl^. il i.riri rxlirhil rtiiiii?rjloconicoPd 
dclioniand tJUseNa relenliooantfcnha'nrtdf^'iinriH' c«rretir>n 
Ijy the hidrvEv^. Comsd isaliu n(?ceisary lor ilie normiil producifon 
C>f fpiiii^phirne by llie ^dren;!! medullj (see FiRurc&.l<'>. 
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Figure 8.1S A^tion^ of Adrenal Androgens 



The jdrrnaJ iirnJr[fH.Ti.h, (fHhVflriirnii>ndroslefone- lUHEAh <ind 
ri'liJroMenedione, do nol hat? majrur nII-pci^ in nijlps. wheii? Ihr 
acli<ii>s ill le^lObterune predamlnalc. Jn Iciii^lifp, r|n^ itditiwl glands 
5ie the priniJivsuun,!- 1*| iirculdlrnB-indroKen* These adivnjl 
jniiiupens^re responsible for il>p [»ruLv[li r>t tjrjth puljjt iind ii^iiLaiy 
haik In iKfH" iww^, iiHrenatandratient pljy jn jrripurlp,nL fole In 

1"J4 



piiberry In cjriy pubETiy, lln'^nJrcnjI .indrci^cirscDnlrlbLili? ici duvrt 
iiUfTWnl oJlheevleinjI (tGmrjIlj jnd flihnj secdndary »:<ual charji- 
lerislics— d process lermed adrenjrche fsec Fii.]urL- fi,i.'ij. The gener.il 
effecls of ondroRi^rii ■►re rtri-il?"!!*, It-rnliny. lo intreased inuicle mas^ 
Hiid l7i?ni:' fifrnidliaji, TheviilwcauEe-iflidreuLiijsJtindhvpcilJGphy, 
lulrLiitc icft^^ifln. aixl Browtfi iipf raci jI h jii, 



Aldosterone 
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FiciLPRE 8.16 Actions of AtDOSitRONE 



Tifce mineFalccorlicDitt aldoslerrjrw playi. ^ inipQUanl raic in rcgulal- 
iTi|i Iht MVlrAr^llul^r lluid {ECF) and blond volumes jnd ir indlriuin- 
ina K" bolikncc. When ELF .mri bloivl volumpi, are riKluced lafi. 
hF-m[>rT!i,iHE-, cJiiinliL^dlr rrnm i^ r pleased irom llie Iddncy. which in 
turn incrci^e an^lclen^in II Iffvth- .\ri);i[fli'n'>iri II h d (rt^LciiI >llMiuld- 
(nr o[ llldt?^ll;n^^l^'&^lc^el]Ofl by ihi? adrcnol pljnd Aldoslensne nHiv 
on A nurnhei ol isrg.m^, tduiinn rhc" relnilii»Fi iii Nj' jnd walcr, a 
rp!,jif>n^s ihai serves bo incfoase ECF and blood volume The lidne^ 
rt ihemosliniponiiniorRanin rFiJ5 rtr&pnnie (we Figuns (.12 and 



b I4j When Ihn ECF i3rirl IiIl"i.j i.LjlLirPU'^ riBi' increased (e^H^ confles 
liv? tiujil ^arliiri>), a[n,il n^^tiiurGlK pepDde 
li^ecrer-ed and acfs on ihc adrprial crnrlt™ 10 iffhihii aldoirorcni? 
^eCrpliQn ^w£ figurcb.l3l An increase m Ihe |K"| itI ih^ Erpfhypei- 
kalifjniai alw ^dmulatcs aldoarcrone surrRiion by ihc adicnol tone?;. 
Aldu'^riTOEiEi.dLm pnmjrilv nn ihc kidnev ici stinmlaip K' e^creijnn 
isccFlflureblj}, Finativ, flldo'^ferone ■lKri?jsrtiirirfca.rv H" excrehon 
iMc Rjiurf- 6-171. 
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ricuftE8_l7 FuwaiON oftheAdkc.nalMedulia 



Tbr ridrendl medulla prriduce^ cpinepfipirn' and ll^]^tp^^Jephf■n('. The 
medullars'iz^JlhiicOially jrcifii' |i[»^L^flnjj|ionrc olem['n|&. of ihe sym- 
pjlheiic division til \hv auNinnrnicnDrvou'. syi^leni. bul js ondotriji^ 
tell*, Irtey rylwse epinepliruit Jnd norEpinephnne rrtla ihe bleed 



rarlier Lhiaii m^Uia ■^ynjipuc cFch. E|>i]>(.'pjiririe jLnouriis tor dbixii ?[rs. 
lu J1IJ% ct (hcnicdi]l!iirv5(f(reiions ThcreliNirema^iajdejuid 
effects q1 c-TJinephnne jnd norepinephrine ase illuscmtd. 



l<t6 



Endocrinie Pancreas 
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RcURf 0J3 Structure o* the Endochine Pancreas 

IliE- pjanrrtr^ri i^ tiulh iin liALPiiini: dnd ertdccrinc i^i^nd, iu- di^^livif 
I'rtzvmcii are wcrcied inio the dundpnum vis iHe" ii-n-HreJin t\uii 
TVb-lem, antf iibuul 9't'Ili t'l iho fcila are cvocrinc in funcOon (see Fig- 
urei 72b ^nd 7J'7h The endocrine pnnlnniLii the p-mtT*:.!^ i^ ri^iri? 
itnled by du'.ien, ai ''■\e\ ceWi iai Lingciliansl (Icwerlefl micm- 
jirjphj, J heleroRenGoui population of ze\h [e^pttnviiiir lor ihe 
?k-ib'>r'ilic]Jt Af^d 'rfK^'^licin f»f rtlucA^cin Co-ctlh^ irHuliri l^ell^l, and 
■HinutosUlin fi-collsi. Glucapon \5 H fuel-rmililii/allori hom^one {^w 



FigviEV K-fi}- liuuliiL IS i ltiel-s[(jragp horiTLDne (see Figure Sr20), 
SuniJloslitln has a number ol.flcLkin', m ihe G\ irjcc v.ilhin die 
idtKil-i^Hi, i)til]iiHklK^a'^nd3-i:ellsT0 5uppr[?E^F!lucdKuni]!ld 
insulin sccrenon. A fourth ceU type, ihp F cell (nol ihuwn), secrelti 
piinrreiirn [j<ilypr|]|iili.". whoso prim,irv action is ro inl>lbii ihe^ecre- 
lionof enzvn>e%arK] HCO, dy iheeiirrlnp (-[uriptmciit "I ihrpdn- 
creai 
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InsiiJin Secreli' 



GLUT J 
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fi\UfOit 



K- 
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1 iiiiM'iiu^imm^iu mtim^ummmima umm 



'■I'livrnFr: 



iliHJUUU .|iuullllllllLJJjJ]JiJ4Ujaa('^uhL,(ibL>L 



iiiniifmvviyy iiinittif till litiiiti^ \ I ' 



ClnnsF 



..■-}.Wj. 



Clufokiiuse 



<ilu^oie-&iihoa^hali' 



t ATP 
t NADPHM" 




FyruvjlE 




'^/'^mim? 










I. P«rk>ns 

iMi Ml.-, 



FicuwF 8.19 Ipjsuun Sechftion 



TlicmG^t rniirtjrujul (ailor rH[iulj|inti insulin ^-trrlirm \-. \Uf y^ucow 
concerHTdUirn i]i [he bJnod Whciill*>l)JcMKfylm:(Me:onci?ii[rjli[tri 
InciiM'**, Fn^iilmwcreUonftyiFiiiiUled Glucose tnliTi iHe tell, where 
ilft TneEtbolisnt inL^l:.LM'^ inlmrf NuIjf ATP lovek The increawd ATP tv- 
elsdiKt'dri ATP-riH|je-nden1 H" i±JFin<'lin ihe iflj^md nTLTiibrain- and 
llw.febi.depolflrizell>emi'riiiirrfnp|inrentdfV,j. Thrsmernbrane 
iMJienllal depoljfizilion npen& vollJ^u?ri'.iHu(> Cil'" thannefs. and Thff 
iriD-Jcelliiljr |Ca'"l increa§e& Tho rist In inOaceJutar |Q'"] tn^^ge-n^ f^n- 

T9B 



■ryfpjsijai lheln5ulrn-cu"ldinint^spcrela-rv Hrjnuli>&. CJHiPi latloni puPerv 
\\a\e ihi^eifcclflTgkiCDwariniulNrt^i-LiHiEiib MriFmnnesandcjridi- 
dalt'liunnuneareieased by rwurocndiKimp- cells InlliL- irilt-siinF rliirlni; 
■li^'^un f jqlitJH? Insiiln-f vcrenon, TI^m: hunmini". jnri cjufdrdjlo 
(lornaaiie, imlinli' i hnletyiloiinin, glucJgratJike peptide ICLP-I t jfieI 
3>luLj|^jn Acetylcholine llrum Uflfljl nffrtenls] iJws filinii(ljc& insdin 
secretion, while iurpidlE^hihn irorn tiie isler fli.JI^ Inhibirs serreiion. 



Aclionsof Jn^ulin 
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c^,^^ 



FicuRi B.20 Actions of JnsuuN 



Insulin 15 ;j liJc!-?Lrjri3ni7 hijmunt'. The nii|or IupU u^cd bv cells 
ria-^ijuj\t, MlFy dc ids, and keloaci-d^^dcnved during iijltv acid 
meubolismj. Some cells preferenliallviJ^ie flIu-iDse a^ Ihrir fiid Ka.f^. 
neujuns), ^heredfi nlhtr r^'ll'^ prpftrenlldlLy ii^^ E^ltv acids (e.]^, 
hki-|('t^l rnuick'l. helo acids cajn be used by many te^l^ iwl'pn ulucow 
and lain flcid^ pre not readily aviiilablt If.g., iJ^lipi^j. liii^lin sllmu- 
lait!] lheupldl((?oiKlutUMtinyji;ullSHwlM?rtli s^iored imheiomioi 



glvi.ii]j<-n {Ff^iKH mUv 111 ill-' livnr iIMdE sLHi'lal musil^d^ IL also sliinu 

iriRlyccridoi (Jativ add rnetaboll^m lo keto ^fccid^ i^ Jivo inhitnled), 
I'indllv, insvilFnsJimulale&BhfuplrikvularnHrt'andsmlocollsaifcd 
ihftr ^Idrajii'ds prEiltiiii. The nel etfetl is ihal blooJ Ic^'eb □! ^ucuse 
ajkd lioTD acids deciease 
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Actions niClufagi 




Cf/^d^ 



Figure 8.21 Actions of Glucagon 



Glucagon 1^2 E[|^-rnubilizallon hormone. ]l acl^ on ihclitftr Id bre^k 
drnvn Rlyconen and ^liiiniUirf^ hepflllcgluconeoHsriPiit irtJFT] iimino 
jufJv Tht elfet I unhesejttioreislojntreii^elhc blood ftlunthi.- 
nonctnl rjTiDik. CiliiE'iiyctn jIhj otti on ^dipo^i' tl^^ue (n 'ilimuEiJle 
lr|]t>lvsi^ ancT dx? release nf ldlt> l^cld^, Meiabiflism of r^l[' fariy Jf id-. 



by ihe liver pitjrfuces keio Jtids. Amino ^cld^aiv rel eased from mifr 

cle in <e*iponse l[> giiic.niim'H and jre CDnvf?rl«l lo filucase in ahe 
(»verby);lut{ineo£cncr&is Thenei etlea oi fiiucdgon a ihji Hfuc£f«^. 
latiy jcirf, jrtri lieTo add levels in |htlj|i>iid iiifreB^e. 
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Pariilhyroid GLind 



C j^ ' and P 
in loorl 



ParailiynwH 
hunncine tPTH} 




Figure 8,22 Parathvroid Hormome 



Till' pitrJIIiYiOiri nljr>d», iL'ETt-K" pJr.ll lly rind hornuni' 1 PTHI In 

't5pon5e toa deiTea*;ein fhe ionized iCa-'l of fhe blood PTHachi 
rjri brtne Tr> c;i(i^ rp^TfjiJiOn Find release rfCfl- ' Heruil FFah'icnph(in 
i'\ <Ja' ' Li a\io 'JlJmuljled by rTH tufs- Figu(f ij Iftj I'TH Jiher^ vlr* 
.iiii> D merjboliini. Vil^niinUi^a^lerol produced indie ikin and 
.ihsrirh-^ JiTun ihp riiplr II indeipDef' n>eliihnlir rnnvprsron'r in llip 
liver ,ind kidney*. PTH ncU, on the kidnev^ lo stimulaTe ti\e corwet- 
:ion ^if ;5(OH)-viQrnin C lo die iicfve iom en the hurrnone, 1,-5- 
'OHjrvJtaniin D (an mcrcase bluud P, also ^limBjIdlefr ihis izonvrr- 



■linnh, Tl^i' iiKT|-'i?<i:d k.'virl^ cpI 1<2.'HOH>.-uilfliTlin [3 Ji' lurn Slimul^lr- 

The ir^lwTinal ahwrpf ron ol Ca' " . The net effeclof rh«e actions i ? 
ih-illTH increase-, rhe mnijed |Ca" I cHhe Woad PIH ;i!^a cau^e^ 
rhc releaqi' oi phrKphaiu (P,i irttm rhi> bmip and i^nhamrLr^ lii^ ahiiiJTp- 
llDnlronilheGllrjcL However much ol lhi% r,]^ t\crerediri Lhe 
urinp, berauw! PTH ahin derreaws renal P, 'pttb§nrp|jnn li^ee Figure 
6.1b^ Thui., ihc |P,| af lhe blocd L^nni 'jigniflcanrlv -"hai^ged 
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Te5ro5[cioni- fritrn rh<? Tetal 
Ipslt-^ Hi'ls fotallv fjn the 
wDlffiar duels r.ou^'n^ tlhi?m 
4ogeisl^l dJiddill^rentidte 

rUDJIurian inhibiting fdcior, 
sl^n 5ecre[cd by ihi? ie|j| 
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uf Ills' miillerijn duces 
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Pfr'^Eslenl 
^ollfiai> ducT 
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VdSddBrElK 
5i^nirnflf v»ide 
PntsFrilic ulride 
Prostyle gland 
UulbDurecbral 

Vas defcroni 

A^>|i'-'ii[|ix 
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Append]* (estrs 
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FrCURE 8,2.1 CO^AU AND CeNFTAI DUCT FORMATION 

B^^dan Ih4- evprnsion olsporirK Btne pmrJutti under the cnnlnnl 
i>f [fiespv chn>niiJ>cFnh:5 (X arri V cbrumf.i;iinit^j, Ihe undlflixeiiliartjil 
gonwis dnd diiiri %y4i«ii ul liip fiuman anbryo d-^vvkj^^ dltn^ liie 
male uf |(an>iLe UneiiBe Lll*e GJiaci rnle rji lliese Rene proriiai l^ |5RV 
flnHDAVI Ben9^[aje%HNbeinRinvestijuK'(ii. tri ihi- rire^ence of sn' 
eaie esprcssfcm ^4&^V EUmplrnienl rirthrorruMDnietf. Ihe leiai leslei 
develop jn^i pioduijie feiilnsrerDnD, Vu^iUh ads loc^Jly on llir 
neionE^ric (wulffian) chid. Vfilewn ishiown in rpJ), which perbi^[s ajiri 
d(-vtJripH into the efl^pni [J^Jtlu[e^, epididymis, taid&fen-ji^, ejatub 
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lory dvc.% rir«f liit seminiil VBtcbs. The pirdmesomeplnc (inUtli-fMii 
duds degenefale in ftsimn^e lo q hormoni'idlii-rl rriirlk-nnn-inliibitint; 
yilitldPc'p Secreted by ihc ii'Iril t«^(es. In ihie .ibsence cpf renrj^ternnH 
the ^Ei^d^ol ri nurmal Female i£liiH4ii\fi crtmpfemenl o J cIithiki- 
^.D^-le5^d^f^erc^lllH11■llll(^^Hl^lfdlJva^es, and llic piaT,-in>e5onei3hric 
du[.| '.yslpm 1 'vhnwn in blue in (fn- left panel^j pers&[& whilE* the 
n-iesanephncdiK-thdeReneratc. The parrfFnes<Jn^hnc duds givM nw 
III |«Liiied uterine (MlluiMrinj \itite^,a midline ulem^ and [tieu|Dper por 
liOnOElhcvriSind 
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UndiffErcntialHl 

Cl^n? ares 
Ep'nheWd idg 
Urelhr^jl hnid 







incljdinB 



Bodyof penra 



PGFinOil B3ph6 
iiLdudlng 



^1^ 






Figure fi.Z4 CiFfERtNTiATioN of the txnRNAL Genitalia 



Durlnfieiflvemhrvonlc ftevplf>prnenl, The culemal Rc?niuli^ of? 

urmlifft-rf-nlijl^ dndt ^.ur^tgl of U^^o ^VL'ii|hfig» cortipn^ed u\ [he gert- 
il,]l lubtfcleain^ urethral <ind rinfll Inld^ UndrT ihe influrjfccpnl riihu- 
rlrDlcilo^lerDfie, Uic fttnilal [ubcicle dnngalH (-n tofFn ihe phallih 
Iglan'itflntf nounal mfllceKlemal kctiIj! dcwdopmcni iiroceeds. In 



iHi^ab^fipt'fDllKtEailjiiFandrGjiein^, ih^undifftrtnli-^lfd ^niuhj 
develop inin thn^p oi^ nnrmal female- The ci?Jnr '.^^^c^nc' oL ihs fi^- 
ur^clp^rlv ^hoWi d»i? homoloRoin slnmtures of itie e^rem^l yenlf^iiii 
helwttn ihf hvii iri^Rri, 
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Figure 3.25 PUBEHIV 



(Jnercriwi] yeaisbpfore puberiy, aii'ena\ awiio^n Ipvelt inocdK 
(nidrenaithel. Thew adrenal androgens jrerMponslbl.?, in IjEilh kcn™, 
forlhQ earJvde^iopmen(o(r>i"bif and aiillLiivli-iir^nd increased 
Rrowlh. Al puberiy, llsefiypulfidlamu^ increases [he ncqiiynt-y-ind 
amounr ct\ giinrf^[cilrapin-relpasinRhormtirnMr.nJ?Hl releji-secl. GnUH 
irt turn iUmiilalci Ihf- ich-fl^i' iH lulpini^ina ht^nnone iLHi and icIliUe- 
^iimu[,j||iiti fiEHinckie |l-SHjbv dieaiHerlDrpFtudiary. In [hernile, LH 
di(sondieinicr5iiniiJU>vdii! tcltofthe lesiesio j^Eimulaii? ihe piodut- 



rlon oMi=iiijhCeiijfip, fSH [aRcrfief with lesiosierf Hre aci5 on ilic ScrtoJi 
teD* oHhe [Eitp^ whicJiaie impc-ldnl (or support and <iewlapiTM?"i 
ol ihe lipi'Unitnzaa. In rhefem.ile, LH seta on [wili fherheca and 

griirHulr-iJtellsaf Iheovji-y In response to LH the Thtcj [dk prijclui. 
androgtn-,, wHich are then CDnverd-rf tu L-?,lnji5i'n'. Iiy (In- yramrlos j 
cellB. LH acl'io^lhh■^-^l|Lll<s^-!fel^|>^o!*[Iml]larc!p^csf'4r^^llrll*[l[[fdul: 
titiri- FSH jfi-i Ekn Hie BT^nuJoM colls (o iiimuUCr (heproduciion □"! 
es&ORens from indr"^!rn^. 
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-^ HypofEhaliiniut -4 



Inhlbin 




T 

AndroE^n-blndiii g 



^giprnurnsened^ 



1^ PprkirH 



Facuri B.26 Control Or lEsntuLAS Function 



rh>p H^Ie^i. di-H [irnipr (Hh' LfMHfi)( nf lu[e<niztni] hormone <LH) 3nd iol- 
IfclcsUmiilalLn^honnoneiFSH), antl lhf\j •j-crfri'mn Irom riit .inTerior 
|iiii[lt(tr-iH h (i>nlri]l|i^l liy H[tri.i[lnlrfiprn-n?lcj5rni( hormone (Gnftf U 
rroni ihc hvpolhahmus LH act^ r>n ihp inlnrbliEi,!! I pyflin I f\k \a 
5rrmi]l(ile ihi?irpi'trig[-tiftri ol leslo^cronc. IbH acls on ihe SerTnfi 
ct-ll^ lo Winiuhre ihefr pfodiiclion nl jndicKen-bindin^ pinlulfi. 



*|ni;h iHrpn cQncentraTcs icstoiierarte in ihe 'ieirtinireKim'' iiilml-'^ 
and iheithy luppnrt^ and prcmnbc^ hpcfinaloj^nc^is.TGSloilcroni? 
prnuidE't negalive loodb^rk inhibition *i( LH releaie, whenf^^ rrihibn 
l^rodiicffd hy the Jtcrfoli cpIIs pFf>virie^ nyganua I'^edtuttL inhibiticm 
n(FSH$ecrerlrm- 
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fOLLICUlAH 



OVUlATO«V 



LUTEAL 






Vfdt 



o 



00 Q 

Develop IHR fDlllClEii 



BicpdfnR 




1 

^ 



'a. 
o 

C 

O 



BOn 



40- 



20 ■ 



-'II -1 



10- 



O-' 




FSH 



i. 

E 



2D- 

i 10- 



?CXln 



Proge^lefonr 



_ c 



IDO- 

0- 
D- 



Eflrogpn 



rnhlhin 



FltiURE t;.27 MBNSTRUA.1 C-rCLE 



The FT>eriWis]alfyHiii';dMriedinlo thrpDpJidiL'i-kJliculaT, nvul^Eciry, 
ami luli-sJ ri»e follicular pJiii?,f' t-i'Kii'^''iJn"S '"ense^wilh[Kn- pFT»|p[er- 
Jlionol lhi'fiiJni]limjiEilli>ii>3%elHli?d1olli['l'?-Thi5i5aswiciJfetf 
Willi nsiriy [ei^eb oi es&adial Jmd, h, a leswr exlenl, piO|^i-^Lin^ which 
feed bick an bntta ihe hypolhalamui arnJ piluiiHry Ui sirrriiilali? lit, 
poriilivp (eed bfldtl a iSifjie in GnRI I i«rellon loHowctl Jiy ppi'l'- m 
liiiein|flne<LHha™dfol|idc-5lirnuliillnsJH«i|i[hrnHfFSHl'-ecrenijn, 
whir^h \hcn Induce Dvtilarjait (i.t-r Pijuire UJtil. 



roiiinving ijvul jtion, ihc killnuliii 1 pU^ ir,]n%f[>rTn pnio ThecfHpLi^ 
lu(tur»i Jikl f»r"i(L]i E» liirye .imounli of p; ost'^lnonc and eslriadkiJ 
Dunn^ lltiii [uled pKjsL^, Jhf'ftraniilpH tells al^cruduce inhihin, 
loRctiicr, pjoi^ok'inne, esrrddii>L iunl inhjhln feed bad* on ihepiiu 
llarvlTiUjapri^sLH and Fill ^[.Telion Isec hnurt 8.28). In ihs- 
abwncp of fer[iL?j[ron dI the rele astd i'|*tl Ml': ciquis luteiim 
rt'^i55« and mense*! bi-gini.. 
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ormuii;il Ktguhlmn of Ihu Mrnslrual Cycle 
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FfCURE e.2B HORMONAl RltiUlAlfON OF THt MENSTRUAL CVCIE 



Upper psnri- Dmint ihe rolflculdi plid^e, die grjiiulo^ c^ll^ in j 
^elmrcd laLUclu pmh^oidlf: jnd [niidurc nlmdin^ in rE-«pDTi;« [r> Tnlti- 
£lej,limLiUjiri|i kdmriojH- rr^l h. AhIip ^"ime time, luleimizinRhor- 
monE' (I Hi 'iiininliiiP'i ihn iKt-rs I'lAh lu pniducp jndroRcn?. The 
Gn-drown^ produci?d hv ll'^e llH?tJ cell^ clillu^' m[r» iIk- |ydriii)ih-j 
iiell*. wtwi! Ihey ^'p convLflcd lo PtlrjdruL Thi", h'jib- In j laisip 
inotasr in E^UJiJpfl |>iu[lui huii. T>ii> 'c<,ir\^\irvvi', iit i"iii^Ain\ jniE. id 
a \i-sifr rii'iju'i". prctftrivllnf, (pr., proRC^Tfrpn e), feed buck on hnth 
Ihn liy|i.iilinlArTiirsanclpmiiiiirv lo ^.tirriiilflio |r.c., po^ilvi? rccdbackl 



diurgenCnHHsecrelnjnfclloAedbvpoakiinLH jnd |-bh sccrc 
<inn, *hich then induce ovublFon ioiver p^icil; Fallo^mE avuldEicri, 
ll>e ri^marrpillg Inlllrul^j Lirlk rrdn-rlunn Inlrt itii' curikuv luFi'iJici In 
reipOlrtC lu LH and pnJEJuP'E' l,irftL' ijrnrninB'i of prDRKlprDciP and 
(".rrLnJuil rj[fnn|i iNpiv I[]Ip:iJ ^lh^^e, rh^ uFFinuli'^ ."> crfis ?-\^o produce 
Inhiljin, ToHelher, progptleront. tiE|fi{iiul, JiidinliiLin It^ni IhJtk isn 
lliepiliinnirv losuppreM LH ard FSH wcielign. In frio absonccol (tr- 
iill^.itiun rjf rfii.- a'lcrHwd i.igj<, ilit> Lurpu^ lui^mm rejjiH'.bi?-. .3nd 
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Pr[>JdciJrHiihrb|ilnglaclor(PlPt, [h4)u§;hLia tierCupamrnp, moduJdit^ praldcrjn '.f'fjpriDn, Dey^lod 

CkClJn JevebincreiHePlF-JYiiiliiHiHrKlt-jusefeedbatk InhiliFiinn uf pmldciin seoiiric'n [slnirr- 
feedbiHrk inhEfiHiflflj. EMrogen arnd IkH slimul.ili.-' ftriilrfcHn.iietrt'liQn 



Brcjil dcvE^tijiinifnr 



Pri-BnililCy 




fioLitrin, ali jne wilh CH. t^tuogtn. 
j^ ncccsiJTv lor Ijryast deuelripfneni 



rrogeit, jnd [irugpslerone iracreasL' 
fllvedfobbljr de^eluprnpnL High 
esiroRor levek inhibit laciflliDn 



Progewepona^j^ -■ 

!^ijdd£!ndiiri?.i^? n e^lrugen Lind 
ttnii^i-^tijnint inpreiencE" ol pfo- 

laciTn ro^ulii lia mWU [iiviimlion. 
iitytodn ^rn'iiibfes milk relooso 



VdriAllonilnj^roJAclln Jevcltbyaiiir Drcondiliun 







fiGURf 8.2^ Lactation 



Thl' rolp □( protflrtiri in bred^tdDV&laprFiFnt pregnancy, JinJidCUInjn inhilnlcjry Lnntrol of doparnine fPIF) Aijfcrevj" JijnM: (iK C^rik^ih hnr- 
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